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CHAPTER I.—INTRODUCTION. 


WE tend habitually to speak of all varieties of general somatic 
sensibility in terms of touch, pain, heat and cold; for these categories 
seem to accord best with what we gather from introspection. To these 
elementary sensations it is customary to add a hypothetical “ joint- 
sense” and the whole complex is supposed to be transformed by 
association and judgment into the mental processes by which we 
become aware of the physical qualities in the world around. 

Moreover, according to the doctrine of specific nerve energy, as it is 
usually held, each psychical act of sensation is associated on the physical 
side with certain distinct processes, which, starting in the peripheral 
end-organs, pass unaltered to the cortex of the brain. Here, according 
to the usual supposition, each specific form of nerve energy evokes 
those changes which underlie its peculiar aspect of sensation. 

Such a view of the physical mechanism and nature of sensory 
processes was not unreasonable in an age ignorant of the gradual 
evolution of the human nervous sytem. Man was thought to have 
been created perfect, armed with apparatus to receive and conduct the 
special processes, which underlie each fundamental sensory experience 
revealed to him by introspection. 

This conception of man as a created being has long passed away, 
but the manner of regarding sensation, to which it gave rise, still 
dominates psychological teaching. Even the neurologist, who is in daily 
touch with the consequences of lesions to the nervous system, tended, 
until recently, to speak of sensory impulses as if they were invariably 
grouped into those subserving touch, pain, heat and cold. This arose 
in the main from two causes. His almost complete preoccupation with 
structure rather than function compelled him to consider the central 
nervous system as something stable, developed it is true from that of 
lowlier organisms, but fixed and unalterable in its activities. He did 
not recognize that all the processes of its functional evolution were still 
evident in its physiological activities. Even now, the conception that a 
stimulus may be adequate or entirely ineffective, according to the 
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conditions which have preceded its application, has made little 
impression on practical neurology. 

Preoccupation with the sensory effects produced by lesions of the 
spinal cord also inclined the clinician to accept the fundamental division 
of afferent impulses into those for touch, pain, heat and cold. For 
spinal injuries notoriously tend to disturb these four modes of sensation 
independently of one another. But, as soon as disorders of sensation 
came to be studied more closely, it was obvious that something further 
was required to explain even so simple a problem as the changes pro- 
duced by a lesion at this anatomical level of the nervous system. Four 
specific groups, corresponding to touch, pain, heat and cold, were obviously 
insufficient to contain all the impulses originated at the periphery by 
the impact of a stimulus. For it is now universally acknowledged by 
those who have had the opportunity of observing cases of injury to the 
spinal cord, that all these forms of sensibility may be preserved, and 
yet the patient be unable to recognize the spacial relationships of the 
affected limb, or to appreciate movements carried out passively. Power 
to recognize the posture of the affected limb, to discriminate the two 
compass-points applied simultaneously and to appreciate the vibration 
of a tuning-fork may be disturbed, although every other form of sensory 
activity is perfect. 

As soon as it was clear that these aspects of sensation depended on 
the integrity of the posterior columns, it was thought imperative that 
they should receive a name. Nothing could have been more unfortunate 
for the progress of knowledge than the names selected. Clinicians, 
seeking for a sign that would reveal the condition of the posterior 
columns, concentrated their attention on one or other of the groups of 
impulses passing upwards in this portion of the spinal cord, oblivious 
of the general principles underlying their conduction. Hence the 
terms, ‘‘joint-sense,’’ ‘‘deep sensibility,” ‘“‘ vibratory sense,” and 
“ stereognosis,”” which give a most inadequate view of the part played 
in sensation by the posterior columns. 

For the neurologist, who speaks of the “ joint-sense ” as dependent 
on these columns, forgets that pain is a most important element of the 
sensations arising from joints. ‘ Deep sensibility” is a sufficiently 
accurate name for those impulses which arise in subcutaneous structures, 
such as bones, joints and tendons; but it can never be disturbed as a 
single group, except by a lesion of the deep afferent fibres of the 
peripheral nerve. The changes, which result from destruction of the 
posterior columns of the spinal cord, correspond to a fraction only of 
such impulses. 
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On the other hand, “ bathyesthesia” is, strictly speaking, of too 
special a significance. It was invented to indicate the faculty of 
recognizing the position of the limbs in space and of appreciating the 
vibrations of a tuning-fork, in as far as they were disturbed by lesions 
of the spinal cord. But an- injury of the posterior columns may also 
destroy the power of appreciating the size, shape and relative weight of 
objects placed in the affected hand; to this loss of sensibility the in- 
adequate name of ‘‘astereognosis” has been applied. For “‘stereognosis”’ 
signifies ability to recognize the solidity of objects by touch, and cannot 
by any stretch of terminology be made to include the power of 
appreciating weight. 

Any attempt.to fit the sensory disturbances, produced by injury of a 
nerve trunk, into four primary categories of touch, pain, heat and cold, 
tends to even worse confusion. For, when one of the larger nerves is 
divided, it may be that pressure can be perfectly appreciated, though 
sensibility to lighter contacts is abolished; and pressure may evoke pain 
in parts insensitive to a prick or a burn. In the same way, discrimina- 
tion of two points may be destroyed, though recognition of posture and 
passive movement is maintained unimpaired. Moreover, as far as the 
peripheral mechanism is concerned, sensibility to heat can be shown to 
be a complex process, involving the simultaneous activity of several 
different end-organs. 

As each new fact of sensory dissociation became established, the 
conception of the part played by the nervous system became more 
confused and the nomenclature more chaotic. The psychologist, who 
was not in direct contact with the facts, was content to explain the 
phenomena which underlie sensation as divisible into four groups of 
specific impulses aided by a hypothetical “joint-sense”; these, 
elaborated by the mental processes of association and judgment, seemed 
all that was required. The attitude of the neurologist varied between 
an uncritical agnosticism and a determination to square his observa- 
tions on injuries of peripheral nerves with his conception of spinal 
dissociation. 

Obviously, some link was missing in the chain of reasoning which 
would harmonize those forms of sensory loss presented by lesions of the 
spinal cord with the apparently impossible inductions of those: who 
worked on the peripheral nervous system. This was found in the 
conception that afferent impulses underwent regrouping on their way 
from the peripheral end-organs to their final termination in the highest 
receptive centres. Here was the means by which peripheral impulses, 
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with their opportunist or developmental grouping, could be recombined 
in accordance with their sensory qualities. 

Each peripheral end-organ is a specific resonator attuned to some 
aspect of physical vibration. It responds by producing an afferent 
impulse stamped with the characteristics peculiar to the organ in 
which it-has arisen. Each of these impulses acts in turn on a series of 
receptive mechanisms within the central nervous system, which are 
themselves attuned to certain physiological qualities; here, those of like 
sensory disposition are gathered together, whatever their peripheral 
origin. Peripheral end-organs respond to physical changes in their 
environment, whilst these endo-medullary receptors react specifially to 
the welter of afferent impulses which reaches the central nervous 
system. 

In this way, afferent impulses of like sensory quality become gathered 
together in their passage through the spinal cord and brain-stem. At 
the termination of the fillet, their grouping so closely corresponds to the 
four qualitative aspects of sensation, with the addition of certain spacial 
attributes, that it would almost seem as if no further integration were 
necessary. , 

But it is in the subsequent fate of these regrouped afferent impulses 
that the bankruptcy of the older conceptions of sensory activity is most 
evident. It has long been recognized, that a gross lesion of the so-called 
“‘sensory cortex” does not abolish any of the four primary qualities of 
sensation. An injury of the spinal cord or brain-stem may produce 
complete loss of sensibility to pain, heat or cold in the affected parts ; 
any one mode of sensation may be destroyed or preserved independently 
of the others. But when we attempt to investigate the effects of a lesion 
of the cerebral cortex on sensation, the problem seems insoluble; the 
patient appears to be untrustworthy, sometimes he appreciates a touch, 
at others a stronger stimulus passes unrecognized. Heat and cold are 
not confused, but the patient may be uncertain whether a warm object 
is hotter or colder than one of an obviously different temperature, 
which he had held in his hand a few minutes before. Inconsequent 
answers, hallucinations, uncertainty dominate the records from the 
affected parts; he cannot be said either to appreciate or not to appreciate 
tactile or thermal stimuli; and yet he may be remarkably trustworthy 
to every test applied elsewhere. 

The clue to this condition, so disconcerting to the views of the 
introspective psychologist, is given by the behaviour of the optic 
thalamus. Until recently, the part played by this orga in sensation 
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was unknown. But we now recognize that it is the seat of those 
physiological processes which underlie crude sensations of contact, 
pain, heat and cold, together with the feeling-tone they evoke. The 
essential organ of the optic thalamus is the centre for the affective 
aspect of sensation, whilst discrimination and spacial projection are the 
product of cortical activity. 

Thus it is evident that, between the response of any peripheral end- 
organ to a physical stimulus and the final impact of the afferent 
impulse on the sensory centres of the cortex and optic thalamus, lie 
the levels of physiological activity. At the one pole is the external 
universe, whilst at the other we reach the primary mental states of 
sensation and feeling. Between them the diverse effects, produced by 
a physical stimulus on the receptive mechanisms of the body, are 
subjected to infinite modifications of which we can never be conscious 
under normal conditions. 

This conception of levels of activity within the nervous system was 
one of the leading aspects of Hughlings Jackson’s teaching. To him a 
“‘level’’ was always one of function rather than of structure; when he 
spoke of the “ cerebellar level,’ he implied the peculiar influence which 
he attributed to the action of the cerebellum on the motor apparatus. 
But the overwhelming preoccupation of neurologists with anatomy has 
led them to adopt the convenient term “level” in an anatomical rather 
than in a physiological significance. Throughout this paper, I shall 
use the word in its strictly functional sense, unless it is preceded by the 
word “‘&natomical.’’ For the activities of any one “anatomical level” 
may be widely different in the functional hierarchy. Injury to the 
sensory cortex not only disturbs the power of attention and discrimi- 
nation but also produces hypotonia. An even more remarkable example 
is seen when the spinal cord is gravely injured at any one point, so as 
to destroy its lateral and posterior columns; the anatomical level is 
given in terms of segments, but the consequences from the point of 
view of afferent impulses belong to at least two functional levels. 
Destruction of the posterior columns has blocked peripheral impulses 
running in their primary combinations; the lesion of the lateral 
columhs, on the other hand, has interfered with impulses of the secondary 
level, which have already undergone qualitative regrouping. 

It is obvious, therefore, that, if we are to understand the sensory 
effects produced by a lesion of any part of the nervous system, we must 
record the reaction of the affected parts to each test in turn, noting 
which stimulus is capable of evoking its appropriate sensation and 
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which of them is not appreciated, or induces an abnormal response. 
All general nomenclature must be avoided and we must be careful not 
to speak in terms applicable to one sensory level, when describing the 
changes which occur at another. Then only can we say that, at this 
particular level, sensory impulses are grouped in such and such a 
manner. 

This has been our aim throughout the series of researches on 
disturbances of sensation in which I have collaborated during the last 
fifteen years. A number of selected tests were systematically applied 
in cases of definite injury to various parts of the nervous system, 
between the periphery and the cerebral cortex and the results 
interpreted in physiological terms. 

The object of the present paper is to demonstrate, by the same 
method of dissociated sensibility, the manner in which the cortex 
cerebri modifies the afferent materials it receives, to produce those 
physiological states which so closely underlie sensation. 

But, in order that the nature of this activity may be clear, it will be 
necessary to recapitulate the various changes to which afferent impulses 
are subjected at different levels of the nervous system. None of these 
could be deduced by a priori reasoning. If I take into my hand a glass 
containing hot water, I receive the impression of its size, shape, weight, 
temperature, roughness or smoothness ; I also know that it causes me 
pleasure or discomfort according to the heat of the water it contains. 
Each of these qualities, recognizable in my impressions of the glass of 
water, have behind them many sensory impulses, which have been 
modified and regrouped between their peripheral origin and central 
termination. 

The actual afferent consequences produced by the glass of hot water 
cannot be deduced from any a@ priori reasons. All we can discover 
from introspection is that the object is of a certain size, shape, tempera- 
ture and consistence; we must for ever remain ignorant of the nature 
of the impulses which underlie these sensory characters. But by 
observing the consequences produced by interference at various known 
points in the nervous system, we find that some impulses are intercepted, 
whilst others pass on to reach the highest receptive centres and form 
the underlying basis of an abnormal sensation. By analysis of such 
dissociations of sensibility, due to lesions at different levels of the 
nervous system, it is alone possible to unravel that vast mass of 
mechanical dispositions, which lie normally outside the field of 


consciousness. 
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CHAPTER II.—THE INTEGRATION OF AFFERENT IMPULSES. 


§ 1—The Peripheral Afferent System. 


Let us first of all consider the principles which emerge from the 
application of this method to the peripheral nervous system. 

If the whole skin and superficial structures are rendered insensitive 
over an area of considerable size, without at the same time disturbing 
any of the nerve fibres running from deeper parts, sensation is not 
abolished, but is profoundly modified. The affected part still retains 
many sensory faculties usually attributed to end-organs in the skin; 
and yet it is innervated solely by the deep afferent system supplying 
the connective tissues, muscles, joints, and tendons. The experiment 
on my arm showed that pressure and jarring contacts were quickly 
appreciated, and localized with remarkable accuracy. Roughness was 
recognized as perfectly as on the normal hand. Even contacts, which 
would usually have been called ‘‘light touches,’ evoked a sensation 
provided they depressed the surface of the skin ; but grave deformations 
caused by pulling the hairs passed entirely unnoticed. A large part of 
our normal sensibility to touch depends on this deep system of afferent 
fibres, which was allowed to remain intact in my experiment 
({13] p. 355). 

To these deep end-organs we also owe the power of responding to 
certain aspects of pain. For, although the denervated area on the back 
of my forearm and hand was completely insensitive to the pain of a 
prick and a burn, the discomfort produced by excessive pressure was 
even more pronounced than over similar parts on the normal hand. 
Moreover, the cramp caused by repeated electrical stimulation of the 
muscles was at once appreciated as a most unpleasant sensation. 
Evidently, then, pain as we know it in daily life may be the result of 
two sets of impulses, one starting from the surface and the other from 
the end-organs of the deep afferent system. 

We have already mentioned the accuracy with which the position 
of the spot touched can be localized, when a part is endowed with 
deep sensibility only. Another faculty, which depends entirely on the 
integrity of this afferent system, is the power of recognizing movement 
and appreciating the position of any part of the limb. Here, impulses 
from the surface of the body play little or no part; in all cases where 
this aspect of sensibility was found to be disturbed from a lesion of 
peripheral nerves, we were able to prove, that the deep afferent fibres 
had been injured in some way by the lesion. Yet in spite of the ease 
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with which the spot touched can be localized and posture appreciated, 
the two points of the compasses cannot be discriminated, when they 
are applied strictly simultaneously. Here we discover the first of those 
dissociations in spacial recognition, so disconcerting to the conventional 
psychologist. 

Evidently, the deep afferent system is adapted to react to all contact 
stimuli, other than the lightest touch or movement of the hairs. It is 
also the means by which we become aware of the situation of a stimu- 
lated point and of the posture and movement of any part of the body 
or limbs. Again, it is the channel for evoking all those forms of pain 
and discomfort, caused by undue pressure, injury to the joints or 
abnormal muscular contraction. 

So far the dissociation of function can be produced with ease and 
observed without difficulty. But, when we attempt to analyse the func- 
tions of the afferent mechanism which innervates the surface of the 
body, the problem is less easy experimentally. We are obliged in most 
cases to fall back on the process of regeneration to produce that disso- 
ciated sensibility, which reveals the composite nature of the cutaneous 
afferent system. 

In the course of the experiment on my arm, we found that sensi- 
bility began to return to the skin a little over six weeks after the 
operation; within seven months the back of the hand was sensitive to 
pain, to cold, to heat and to any contact which moved the hairs. But 
the sensation experienced was peculiar and quite unlike any reaction 
from normal parts; for, although less easily evoked, it was unusually 
vivid. The pain of a prick was intolerable; cold was said to be 
colder and a suitable warm stimulus produced a more actively pleasant 
effect than over the normal skin. In this stage of recovery a high 
threshold was associated with a brisker response ([13] p. 369). 

The sensation aroused within the affected area had certain other 
peculiar characteristics. It radiated widely and was not confined to 
the neighbourhood of the stimulated spot. Portions of the affected 
area seemed to be linked up together, so that stimulation of the one 
evoked a sensation of the same specific quality referred to the other. 
Thus, brushing the hairs, pricking or the application of heat or cold 
to the neighbourhood of the index-knuckle caused a diffuse outburst 
of the appropriate sensation over the dorsal aspect of the thumb. 
Moreover, the response was massive, diffuse and bore little relation 
to the measured strength of the stimulus, so long as it was effective 
({13] p. 412). 
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It had long been known that certain minute spots in the normal 
skin were especially sensitive to heat, to cold, and to pain, although 
there was reason to believe they were not the cause of all its sensory 
functions. We were able to show that this punctate system was 
responsible for the peculiar mode of reaction, present during the first 
stage of recovery. This was particularly easy in the case of thermal 
stimulation. For, whenever a part of the affected area became sensitive 
to heat or to cold, one or more of these specific spots was discovered 
within it. Thus, five months after the operation, we found that a 
certain part of my thumb had become sensitive to cold; whenever 
the silver test-tube containing iced water was brought into contact 
with the dorsal surface of the first phalanx, it caused a brisk, diffuse 
sensation of cold. On testing this part with an ice-cold rod of not 
more than 1 mm. in section, a single spot was discovered, to which 
the sensibility of the whole area was due. No part of the affected 
skin on the back of the hand reacted to heat until nearly six and a half 
months after the operation. Then, for the first time, a region in the 
neighbourhood of the head of the first metacarpal bone responded to 
the warm test-tube. Here a minute spot was found, which subse- 
quently proved to be one of the most constant and active of all the 
heat-spots on my hand. 

These minute areas of specific sensibility can be discovered in the 
normal skin by suitable methods of examination; but they are not 
the only organs responsible for its sensibility, as is the case during 
the first stage of recovery. The skin between them is sensitive to 
touch and to temperature. This makes it impossible to carry, out 
on the normal hand, many of the most illuminating observations made, 
in my case, during the period when the skin was endowed solely with 
this punctate mechanism ({13] p. 429). 

For sensibility to contact at this stage was due solely to the hairs; 
if they were carefully shaved away, I no longer responded to cotton 
wool moved lightly over the surface. Heat and cold could only be 
appreciated in parts, where we were able to demonstrate the existence 
of minute areas with their appropriate specific reaction. If, as was 
not infrequently the case, a portion of the skin, one or more centi- 
metres square, was devoid of heat-spots, that part did not respond to 
temperatures between 40° and 45° C., even if stimulation was made 
with a flat-bottomed tube covering the whole of that area. 

These heat- and cold-spots are scattered irregularly about the surface 
of the body. Within an area of 5 cm. square upon the back of my 
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hand, we discovered sixteen heat-spots during the first stage of recovery. 
These were not increased in number as sensation became further 
restored; on the contrary, some of them became more difficult to 
discover, owing to the way in which their vivid reaction was controlled. 
The cold-spots within the same area in my case numbered about sixty- 
eight in all, of which twenty-eight belonged to the first grade in con- 
stancy and vividness of reaction; they were rarely, if ever, missed in 
the records extending over more than four years. For it must be 
remembered that one of the most striking characteristics of organs 
belonging to this punctate system, even in the normal skin, is the 
profound influence of general fatigue on their reaction. After a tiring 
day I could mark out those of first grade only, and could obtain no 
reaction from many second-grade spots, which were easily discovered 
after a night’s rest. 

The pain produced by a prick at various points within the affected 
area varied greatly in severity and in the ease with which it could be 
evoked. But the pain-spots are so numerous within any one centi- 
metre square that their position cannot be determined with the 
certainty of those for heat and cold. 

But all the organs of this punctate mechanism possess certain 
characteristics in common. They regenerate with great rapidity after 
the peripheral nerve has been successfully united, and for many months 
the reaction of the skin to contact, to pain, to heat and to cold ‘shows 
that they alone are responsible for any sensibility it may possess. 

Each sensory spot reacts to adequate stimuli in a strictly specific 
manner. Thus, when a cold-spot is stimulated by a suitable metal rod 
recently removed from iced water, the sensation is one of cold; but 
when the same rod, heated to between 45° and 50° C., is brought into 
contact with a cold-spot, the sensation evoked is equally one of cold. 
Ice and water at 45° C. happen to be adequate to excite the cold-spots, 
and in both cases the result on consciousness is the same, in spite of 
the physical difference in the stimulus. 

Another important and characteristic function of this punctate 
system of cutaneous sensibility is the mode of its reaction. This 
can be tested most accurately by experiments on the heat- and cold- 
spots. The response to a stimulus capable. of exciting one of these 
organs is notstrictly graduated by its intensity, but is arranged on the 
“all or nothing principle.” This reaction occurs over a limited range, 
the heat-spots responding to temperatures above about 38° C., the cold- 
spots to those below about 26°C. Once the stimulus is effective, it 
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matters little how cold or how hot it may be; end-organs of this class 
indicate its quality, not its intensity. 

A natural-consequence of this mode of reaction is the overwhelming 
importance of the extent of surface covered by the stimulus rather than 
its intensity. For it is obvious that if one cold-spot can be excited to 
vigorous activity by 20° C., a stimulus at the same temperature, 
sufficiently extensive to cover many cold-spots, will seem to be far colder 
although in reality its intensity is the same. Thus, whenever we are 
dealing with these primitive end-organs, extensity is of greater sensory 
importance than intensity. This is exquisitely shown by the following 
experiment, carried out repeatedly on my hand, during the period when 
it was innervated solely by this punctate system of end-organs. A 
group of cold-spots was carefully marked out and one of them was 
stimulated with an ice-cold rod which just covered it; the sensation 
produced was one of cold. But, when a small flat-bottomed tube 
containing water at 20° C., was placed over the whole group of spots, I 
thought it was much colder than the iced rod. Time after time the 
more extended stimulus of less intensity produced a greater sensory 
effect than the more intense stimulus of less extent ([13] p. 422). 

I have already pointed out, that one peculiarity of the reaction from 
any part of the surface, innervated solely by this punctate system, is the 
diffuseness and wide radiation of the sensation evoked. When any 
hair-clad part, such as the back of the hand, is stroked with cotton 
wool an intense “tingling’’ and “itching” is produced over widely 
remote parts of the affected area. This sensation disappears, when the 
skin is carefully shaved, and is due to movement of the shaft of the 
hairs ; it is not a function of the skin as a whole. In the same way, 
any effective hot, cold or painful stimulus produces it sspecific sensation, 
which is referred to the same remote parts of the affected area, 
irrespective of any difference in quality. 

This punctate afferent mechanism we have called ‘‘ protopathic,” on 
account of its primitive characteristics. These are shown in the early 
restoration to activity of its end-organs after the nerve has been 
reunited. Secondly, each set of end-organs responds in a strictly 
specific manner, as shown by the remarkable phenomenon of “ paradox 
cold” ; for it matters little to the cold-spots whether the stimulus is at 
15° C., or 45° C., provided it is capable of evoking a response. If so, 
the sensation is one of cold. A third primitive character appears in the 
nature of the reaction. The end-organs of this system tend to react 
on the “all or nothing” principle, and stimulation evokes a response, 
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not strictly graduated according to its intensity. This explains the 
predominant effect of the extent of the stimulus and the relatively small 
part played by its intensity. Lastly, all sensations, which arise from 
uncontrolled protopathic activity, tend to radiate widely and to be 
referred into remote parts, a condition incompatible with a high degree 
of spacial discrimination. 

Superposed on this older mechanism is another cutaneous system 
of later development and higher functions, which we have called 
“epicritic.”” When a nerve trunk has been successfully united, heat-, 
cold- and pain-spots are restored to full activity, many months before 
there are any signs of returning epicritic sensibility. But, as soon as it 
begins to appear, the mode of reaction changes. The diffused sensa- 
tions, so characteristic of protopathic activity, give place to a more 
strictly localized response; radiation no longer occurs into remote 
parts of the affected area. At the same time, the power returns of 
distinguishing two compass-points, applied simultaneously. This is 
essentially an ability to recognize objects in two-dimensional space, 
and it is this faculty which checks and controls the diffuse reaction, 
characteristic of protopathic sensibility. For, if we are conscious of 
the extent of surface covered by the stimulus, radiation into remote 
parts and wide diffusion become impossible. 

The “all or nothing” reaction of the heat- or cold-spots also gives 
place to one graduated more closely according to the intensity of the 
stimulus. At the same time, the affected part becomes sensitive to 
temperatures that lie in the middle of the scale (27° to 38° C.). 

Another remarkable change, due to the restoration of epicritic sensi- 
bility, is shown in the return of the power of adaptation to varying 
temperatures. If, under normal conditions, the hand has previously 
been exposed for some time to warmth, an object at a certain tempera- 
ture, such as 29° C., may seem to be “cool,” whilst conversely, if it has 
been adapted to cold, the same stimulus may appear to be “warm.” So 
long as my hand remained in the protopathic condition, no such adapta- 
tion was possible, and any adequate thermal stimulus was invariably 
thought to be hot or cold, irrespective of the temperature to which it 
had been previously exposed ({13] p. 406). 

The activity of the epicritic system is essentially modulated 
according to the intensity and locality of the stimulus. It is concerned 
with the finer degrees of tactile and thermal discrimination and in this 
way is opposed to, and controls, the diffuse “‘ all or nothing” reaction of 


protopathic sensibility. 
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It has been objected, that protopathic and epicritic sensibility are 
not the outcome of the activity of two peripheral systems, but are 
stages in the restoration of function of the divided nerve. In fact, 
many observers call the former a state of “ paresthesia,” and are 
satisfied that they have thereby sufficiently explained its peculiar 
reactions. The improbability of such a view is shown by the following 
observations made on my hand. 

Throughout the protopathic stage of recovery, the vividness and 
extent of the reaction became steadily greater with the gradual return 
of sensibility to pain and the increasing number of heat- and cold-spots. 
But this massive and radiating response was curtailed, or even 
abolished, at the height of its development with the first signs of 
returning sensibility to light touch and to minor degrees of heat. Had 
protopathic sensibility been but a half-way house on the road to 
recovery, we should have expected its steady increase to be associated 
with a simultaneous decrease in radiation and reference. But this is 
not the case; the return of epicritic impulses diminishes protopathic 
activity, as expressed in the sensations evoked by adequate stimulation 
of the end-organs of this system. 

How completely this is due to control by a separate and dominant 
system over the activity of one of more primitive functions was shown 
by the behaviour of my hand when cooled. Epicritic sensibility is 
liable to be affected by the general action of external cold, especially 
before it has been completely restored. At a time when almost the 
whole of the back of my hand had so far recovered that referred 
sensations could no longer be produced, it was rapidly cooled; radiation 
and reference returned as vividly as of old, and the hand was thrown 
back for a time into a purely protopathic condition. The newly 
recovered activity of the high-grade epicritic mechanism was disturbed 
by the cold, and protopathic impulses, previously inhibited, now passed 
on uncontrolled. 

This control can be exerted, even by epicritic impulses from the 
adjacent normal skin, if normal and abnormal parts are stimulated 
simultaneously. When a cold tube was placed so that it fell just 
within that part of the dorsum of the hand which was in a purely 
protopathic condition, a vivid referred sensation was always experienced 
in the thumb. But when the base of the tube fell partly within this 
area and partly over the adjacent normal skin, reference to the thumb 
was abolished. The only sensation produced was one of coldness 
around the spot on the back of the hand in contact with the tube. 
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Occasionally it happens by a fortunate chance that, after division of 
cutaneous nerves, some part of the denervated area retains its epicritic 
sensibility, though insensitive to prick and to heat and cold. With the 
return of these aspects of sensation, pain-, heat- and cold-spots make 
their appearance, but are accompanied by none of the usual radiation 
and reference into remote parts. For in this case protopathic sensi- 
bility is restored to a part already actively epicritic; it therefore comes 
back under control from its first restoration. 

Some might object that such dissociations are purely pathological, 
the product of extraordinary conditions, in no way comparable to 
normal sensory states. But in the glans penis we find an organ 
endowed with sensibility to deep pressure, but otherwise reacting 
exactly in the protopathic manner. It is insensitive to light contacts, 
insufficient to arouse sensations of pressure-touch. It is endowed with 
pain-spots and with heat- and cold-spots which react vividly to appro- 
priate temperatures only. The response is diffuse, and the extent of 
the stimulus is of more importance than its intensity. Here, then, is a 
normal organ endowed with an exactly similar sensory mechanism to 
that which we believe exists as a primitive afferent system in the skin 
({13] p. 388). 

Such a form of sensibility is capable of an affective, rather than a 
discriminative, reply to external stimuli. It forms an admirable 
warning mechanism ; for it can give either a painful or a pleasurable 
answer, which admits of no hesitation. Repulsion or attraction must 
follow as soon as a sensation of this order is developed. 

With the advent of the epicritic mechanism, the response is no 
longer massive and diffuse, but strictly localized. This renders it easy 
of control, and admits of choice in the motor response. The surface of 
the body can also become adapted to stimuli to which it has been 
exposed for any length of time; thus, the same external physical con- 
dition no longer evokes of necessity the same sensation, and the central 
nervous system ceases to react with the same vigour to constant 
stimulation. 

Here, in the dominance of a reaction based on intensity over one 
dependent mainly on the extent of the stimulus, we see the elements 
of that struggle between the discriminative and affective aspects of 
sensation; which forms so important a factor in the activity of the 


human mind. 
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§ 2.—Synthesis and Control of Afferent Impulses underlying 
Sensations of Pain, Heat and Cold. 


All the incongruous impulses, generated in the various peripheral 
end-organs, can never affect consciousness at the same moment ; some 
succeed in forming the basis of sensation, whilst others are inhibited 
and would never be recognized were it not for the facts of dissociated 
sensibility. During their passage through the central nervous system, 
they sooner or later undergo integration carried out, partly by com- 
bination into specific groups and partly by selective inhibition. Of 
these two processes the former, as far as painful and thermal sensi- 
bility are concerned, takes place at the first synaptic junction in the 
spinal cord. 

As soon as the impulses arising in the deep system and in the two 
cutaneous mechanisms reach the spinal cord, they undergo regrouping. 
All those capable of evoking pain, whether from the surface or from 
deeper structures, are picked up by intramedullary receptors, which 
guard the entrance to the secondary tracts, devoted to conduction of 
this specific aspect of sensibility. In the same way, the afferent 
consequences of all stimuli capable of evoking a sensation of heat, 
whether of epicritic or protopathic origin, are gathered together into 
special secondary tracts. An analogous synthesis occurs of those 
impulses, arising from stimuli on the cold half of the thermal scale. 

The underlying factors of these three primary modes of sensation 
are selected and integrated, to pass on in separate tracts as high as the 
optic thalamus. As soon as the first synaptic junction is passed, on the 
passage upwards of afferent impulses, the characteristic features of proto- 
pathic and epicritic sensibility disappear. A lesion of the spinal cord, 
which destroys sensibility to pain, tends to abolish it, whatever may be 
the source of the impulses on which it depends. In the same way with 
heat or with cold, each specific aspect of sensation is disturbed, regard- 
less of the system of end-organs in which the physical changes arose. 
Moreover, sensibility to pain, to heat or to cold may be affected 
independently of one another, a condition impossible as a consequence 
of any lesion of the peripheral nervous system. We believe that these 
intramedullary receptors may be compared to resonators placed in a 
concert hall; they pick up, and respond to, those impulses only to 
which they are attuned, irrespective of the instrument that produced 
them. ([8] p. 642). 

The changes, which occur at the first synaptic junction, result in 
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the sorting of afferent impulses into specific sensory groups; those 
originated by similar properties of an external stimulus are gathered 
together, although they may have arisen in end-organs of different 
peripheral systems. 

But such specific combination would in the end be useless without 
selective inhibition. A temperature of 45° C. can stimulate the heat-, 
the cold- and the pain-spots, and gross confusion would result, if such a 
stimulus were able to evoke at the same moment sensations of pleasant 
warmth, ice-cold and pain. 

The following experiment shows how complete may be this 
selective inhibition. ‘:ake a metal rod with a blunt end measuring 
not more than 1 mm. in diameter and cool it to 15° C. or below. On 
carefully exploring the back of the hand, spots will be discovered where 
the rod produces a peculiarly vivid sensation of cold. These are 
the cold-spots. Now heat the metal rod to 45° C. and place the end 
so that it exactly covers one of the spots; if the experiment is carefully 
carried out, you will experience a sensation of coldness, as if the rod had 
been dipped in cold water. This is the condition known as “ paradox 
cold.” Take a flat-bottomed metal tube, containing water at 45° C., 
of such a size that it will cover many cold spots and the skin around 
them. Lay this on the back of the hand and you will experience a 
pure sensation of heat; and yet we know that this temperature is 
capable of evoking a sensation of cold, if it is applied to each of the cold 
spots individually. Under normal conditions, however, the effect 
produced by stimulating the cold-spots *; dominated, before it can 
disturb consciousness, by the coincident impulses, due to the action 
of the same external physical agent on the mechanism which responds 
to heat. 

The behaviour of the glans penis forms another excellent illustration 
of such inhibition. It is not uncommon to find that the punctate end- 
organs with which it is endowed are not uniformly distributed ; the tip 
of the glans around the meatus may be devoid of heat-spots, but 
sensitive to cold and to pain. In such a case we carried out the follow- 
ing remarkable experiment. The end of the penis was dipped into a glass 
containing water at 40° C.; since no heat-spots were present and this 
temperature has no effect upon the cold-spots, the only sensation evoked 
was a peculiarly disagreeable pain. When, however, the temperature 
of the water was raised to 45° C. pain was to a great extent displaced 
by a vivid sensation of cold, due to stimulation of the cold-spots. An 
elevation of temperature, which might have been expected to evoke 
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greater discomfort, ceased to be strictly painful, because of the appear- 
ance of the specific sensation of cold. But around the corona the penis 
is always well furnished with heat-spots, in addition to those for cold 
and for pain; as soon, then, as the water at 45° C. covered the 
corona, without reaching the foreskin, both cold and pain disappeared, 
giving place to an exquisitely pleasant sensation of heat ({13 p. 390]. 

The following observation made on my hand, during the later stages 
of regeneration, shows the same phenomena from another aspect. The 
dorsal portion of my thumb had so far recovered that contact with a 
large vessel containing water at 40° C. produced a pleasant, well- 
localized sensation of warmth. But, at the same time, the skin in the 
neighbourhood of the index knuckle was in a condition of pure 
protopathic sensibility, and a cold tube applied to this area evoked a 
diffuse and vivid outburst of cold referred to the back of the thumb. 
It was, therefore, possible to stimulate the skin of the thumb with heat, 
and, simultaneously, to evoke a sensation of cold referred to the same 
area. As soon as this was brought about, all sensations of heat and of 
cold ceased in the thumb and were replaced by pain. When, however, 
the cold tube was removed from the neighbourhood of the index 
knuckle, the direct effect of the hot stimulus in contact with the thumb 
reasserted itself, as pleasant warmth and the pain disappeared. 

In none of these instances was the process of selective inhibition 
in any way conscious. The sensation evoked was a definite one of heat, 
of cold or of pain. The whole process takes place on the physiological 
level and would have remained for ever incomprehensible, had it not 
been for the phenomena of sensory dissociation. 

Unlike the regrouping of afferent impulses, this selective inhibition 
does not occur at the first synaptic junction. For, in cases where an 
intramedullary lesion destroys all sensibility to heat without affecting 
that to cold, a temperature of 45° C. applied to the anesthetic parts 
may still evoke paradox cold (Head and Thompson [8] Case 7, p. 678). 
Moreover, it is possible to show that, under converse conditions, 
temperatures below 22° C. may produce an analogous paradoxical 
sensation of heat from regions entirely insensitive to cold. All observers 
have found difficulty in proving the existence of this phenomenon by 
experiments on the normal skin. But, when all sensibility to cold is 
lost owing to a lesion of the spinal cord, and yet the patient remains 
sensitive to heat, temperatures below about 20° C. may excite sensations 
of warmth ({8] Case 8, p. 682). These observations are particularly 
easy to carry out in suitable cases of lesions within the spinal cord, 
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because of the large areas which may not respond to one form of 
thermal stimulus, although they are acutely sensitive to the other. 
In the same way, if all sensibility to heat and cold is abolished in 
consequence of an intramedullary lesion, but the appreciation of 
painful stimuli is unaffected, it is easy to show that temperatures 
between 40° C. and 45° C. are capable of producing pain. Thus, a 
single physical stimulus, such as a temperature of 45° C., may start 
changes in peripheral end-organs, which pass up all the secondary 
tracts devoted specifically to the impulses of pain, of heat and of 
cold. Final integration by selective inhibition must take place at 
a level above the termination of these columns in the optic thalamus. 


§ 3.—Tactile Sensibility and Localization. 


Painful and thermal stimuli generate impulses that are more easily 
analysed by the dissociation method than those due to contact of 
some external object with the surface of the body. But tactile sensi- 
bility is equally the result of incompatible impulses which never, 
under normal circumstances, affect consciousness, until they have 
undergone combination and selective inhibition. 

When any considerable area of the skin is rendered insensitive with- 


out disturbance of deep sensibility, as was the case in the experiment 
on my hand, that part of the body still responds to contact. Slight 
pressure on the abnormal area can be appreciated and localized, whilst 
touches with cotton wool and deformations of the surface, caused by 
pulling the hairs, remain completely unperceived. Whether a sensation 
was or was not elicited, when a thick camel-hair brush was applied to 
the dorsum of my hand, depended largely on the way the brush was 
used. If applied suddenly and vertically to the skin, so as to cause a 
jar, a slight tactile sensation was produced; but, when the pressure 
was made more gradually, it was not appreciated until the brush was 
distinctly bent. In the same way, stroking the part gently with a 
wisp of long-fibred cotton wool was entirely unperceived; but cotton 
wool balled together into a “swab,” such as is used for sponging a 
wound, caused a sensation, if pressed upon the affected part. The 
more gradually contact was established and the smaller the pressure 
applied, the less likely was it that a sensation would result. All 
observations show, that parts endowed with deep sensibility are 
especially sensitive to jarring impact. 

Measurements revealed that, whereas the normal skin on the back of 
my hand was sensitive to the contact of hairs of from 8 to 12 grm./mm., 
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the part innervated by the deep system alone responded to 35 grm./mm.? 
but not to 23 grm./mm.?. 

Deep sensibility may, therefore, endow the body with a remark- 
able power of responding to contacts so slight that, under ordinary 
conditions, they would have been spoken of as “light touches.” This 
is no pathological state; for, during the period when the skin of my 
hand was entirely insensitive, I frequently found extreme difficulty 
in marking out the affected area by means of light pressure. When 
the back of my hand was stimulated by pressure with the round head 
of a pin, no essential difference could be noticed between the quality of 
the sensations on the normal and affected parts: 

This power of recognizing contact carries with it. remarkably 
accurate localization. When, before any recovery had taken place, I 
was asked to indicate the spot touched, my answers were as accurate 
on the one hand as on the other. 

This faculty of indicating the situation of a touch was not associated 
with any power to discriminate two points applied simultaneously to 
the skin, even when separated to the greatest distance possible over 
the affected area on the back of my hand. But two points applied 
successively were at once recognized, even when they were not more 
than 1°5 cm. distant from one another. Here then we find a 
remarkable dissociation between the one- and the two-dimensional 
aspects of spacial sensibility. A single spot, or two spots touched in 
succession, could be localized with normal accuracy, but the strictly 
simultaneous stimulation at two points on the surface of the body 
could ‘not be recognized as more than one contact. 

With the return of protopathic sensibility, this power of localization 
is profoundly disturbed. For one of the chief characteristics of the 
reaction of this primitive cutaneous system is its diffuseness and 
tendency to cause sensations referred to remote parts. If, during this 
stage of recovery, cotton wool was rubbed over a small hair-clad portion 
of the affected area a peculiar widespread tingling was produced. This 
response had the same fundamental features as that from the heat-, 
cold-, and pain-spots. It was strictly confined to the hairs and was 
absent from hairless parts, such as the radial aspect of the thenar 
eminence. If all the hairs were carefully shaved, the protopathic area 
became insensitive to cotton wool and, all diffuse reaction to contact 
ceased. Moreover, the remote sensation due to stimulating the hairs 
with cotton wool was referred into exactly the same parts as the pain 
evoked by pulling them individually, or by exciting the heat- and cold- 
spots of the same area. 
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So long as the affected portion of my hand was innervated by deep 
sensibility only, the position of a touch was well localized, if sufficiently 
heavy to be appreciated. With the first signs of returning protopathic 
sensibility, localization became gravely disturbed, for there are but few 
stimuli of daily life which do not excite-some other sensation beside 
those of contact. The more nearly the stimulus consisted of pure 
tactile pressure, the easier was it for me to indicate the spot to which 
it was applied. But, when it was produced by rubbing the hair-clad 
parts firmly with a swab of cotton wool, or by pressure with the end of 
a cold test-tube, the diffuse radiation was so great that no correct 
localization was possible. Here the return of sensibility was actually 
associated with disturbance of a power already possessed by the affected 
parts. 

With the first return of epicritic sensibility, reference occurs less 
frequently and radiation is diminished. The affected parts become 
sensitive to touch, even when the hairs are shaved, and measured tactile 
stimuli of 21 grm. mm.’ or less are distinctly appreciated. During this 
stage of recovery it grows increasingly possible to recognize the duality 
of two spots touched at the same moment, and the compass-test begins 
to show the existence of some tactile discrimination ({13] p. 411). 

All tactile impulses, whatever their peripheral origin, become 
ultimately combined by the time they reach the upward termination 
of the spinal cord. But the course they follow differs from that of 
impulses arising from thermal and painful stimuli, in that a double 
path is open to the tactile impressions of each half of the body throughout 
the greater part of their intramedullary course. In the larger number, 
of cases of loss of sensation produced by a lesion in the opposite half of 
the spinal cord, pain, heat and cold only are affected. But, in a few 
instances, this loss is accompanied by a definite disturbance of tactile 
sensibility ; such change is always associated with some injury to the 
posterior columns on the side of the loss of sensation, accompanied by * 
more or less destruction of the antero-lateral aspect of the opposite half 
of the spinal cord. For, in order that tactile sensibility may be affected 
from an intramedullary lesion, it is necessary not only to injure the 
crossed secondary paths, but also to disturb the conduction of the 
primary path for tactile impulses in the posterior columns. For this 
reason, sensations of touch and pressure are much less frequently 
affected in cases of Brown-Séquard paralysis than those of pain, heat 


and cold. 
If, however, tactile sensibility is either abolished, or even diminished, 
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it is affected as a whole. Impulses, originating from the surface and 
from the deep parts, have been combined and all distinction is lost 
between those arising in different peripheral systems. The lightest 
touch and the heaviest pressure, short of discomfort, form the two 
ends of a graduated tactile scale. Whenever it would seem as if some 
lesion of the spinal cord had destroyed sensation to light touch, but 
left that to pressure unaffected, careful measurements will show that 
the tactile loss is greater than could be accounted for by the aboli- 
tion of cutaneous sensibility alone. Not only is light touch abolished, 
but the lesser grades of pressure are also affected, and many stimuli, 
which would have been adequate to. excite deep sensibility, fail to 
arouse appreciation. 

It is probable that, in this synthesis of tactile impulses, the peculiar 
effect produced by brushing the hairs of my hand in the protopathic 
stage still remains as the quality we recognize as ‘“‘tingling’’ or 
“itching.” Such sensations, arising from the normal skin, closely 
resemble a modified and controlled form of the widely diffused reaction, 
caused by brushing the hairs in this stage of recovery. These impulses 
travel up the spinal cord in conjunction with others of tactile origin. 
For, if all sensibility to pain, heat, and cold is destroyed in consequence 
of an intramedullary lesion, but touch remains unaffected, tingling and 
itching can still be produced by stimulating the hairs, and the sole can 
be tickled so as to evoke either pleasure or discomfort. 

Throughout their whole course, within the limits of the spinal cord, 
tactile impulses are associated with the power of localizing the position 
of the spot touched. All recognition of the posture of the limb in space 
may be lost, and discrimination of two points may be impossible, but 
localization will not be affected, unless tactile sensibility is disturbed. 
But; above the nuclei of the posterior columns, tactile impulses tend 
to separate from those which underlie the power of appreciating 

“the situation of the stimulated spot. The long connexion of topical 
localization with the integrity of one or other form of tactile sensibility 
is then broken for the first time. 


§ 4.—Other Spacial Aspects of Sensation. 


When the sensory supply of a part of the body consists of the deep 
afferent system only, the patient can recognize its position in space, 
and can estimate the direction and extent of passive movements as 
certainly as on the normal side. Complete division of all cutaneous 
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nerves to a finger in no way affects the power of appreciating relation- 
ships in three-dimensional space. 

The presence of deep sensibility only is sufficient also to endow the 
affected area with remarkably accurate localization, provided sufficient 
pressure is used to induce a sensation of contact. But tactile discrimi- 
nation is impossible; the patient cannot distinguish two points of the 
compasses, when separated to the farthest distance within one segment 
of the limb. 

Thus, the deep afferent system gives origin to all the impulses which 
are concerned with three-dimensional recognition and to many of those 
responsible for accurate localization of the stimulated spot; but it plays 
no part in the appreciation of tests in two-dimensional space. When 
we consider how closely this aspect of sensation depends upon impulses 
from the surface of the body, it is not difficult to understand the reason 
for this peculiar dissociation. 

Tactile discrimination is closely bound up with the integrity of the 
epicritic system. During the protopathic stage the reaction to contact 
is massive and diffuse; it is impossible to indicate accurately the posi- 
tion of the stimulated spot, and two points cannot be distinguished. 
Contacts with two points of the compasses simultaneously, or with one 
point only, are confused and the sensory response bears no obvious 
relation to the single or double nature of the stimulus. 

One of the earliest signs of returning epicritic sensibility is the 
appearance of tactile discrimination. At the same time, the reaction 
becomes less diffuse, and sensations are no longer referred to remote 
parts of the affected area. One of the most potent methods by which 
the presence of epicritic sensibility controls the vehemence of proto- 
pathic reactions depends on this recognition of two-dimensional 
relationships. The widespread reaction is not only inhibited by the 
impulses underlying tactile discrimination, but the ultimate sensa- 
tion is restricted approximately to the area stimulated. As soon as 
this direct relation between the superficial extent of the stimulus 
and the sensory reaction is established, it becomes possible to compare 
the relative intensity of two external stimuli. A tube containing 
water at 20° C. is no longer thought to be “colder” than a metal 
rod of considerably smaller superficial area at the temperature of 
ice; for ‘this error of appreciation depends on the more massive 
reaction evoked by the larger of the two stimuli, which renders 
impossible any accurate comparison of their relative intensity. 
Epicritic sensibility controls the diffuse “‘all or nothing’’ protopathic 
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reaction in two ways. It endows the afferent mechanism with the 
power of adaptation, so that its response depends not only on the 
sensory quality of the stimulus, but also on the previous experiences 
to which it has been recently exposed. Secondly, it gives to the affected 
area the power to respond to relationships in two-dimensional space, 
and probably in this way curbs that radiation and reference into 
remote parts so characteristic of the protopathic response. 

Tactile, painful and thermal impulses ultimately cross to the 
opposite side in their passage through the spinal cord and as soon 
as they have passed into secondary tracts show evidence of re- 
combination. But those which underlie spacial recognition in two and 
three dimensions do not cross, until they reach the nuclei of the 
posterior columns at the upper end of the spinal cord. 

Experimentally, this is a most fortunate condition, for it enables us 
to study the changes in sensation produced by the destruction of these 
spacial elements, in parts of the body otherwise of normal sensibility. 
An injury, confined to one half of the spinal cord, may cause loss of 
power to recognize posture and passive movement, together with want 
of discrimination of the compass-points on the side of the lesion, 
whilst every other disturbance of sensibility it may produce will be 
found on the opposite half of the body. We can therefore investigate 
the nature and consequences of this defective spacial recognition, 
unhampered by any other concomitant sensory loss; and, if the lesion 
lies sufficiently high in the cervical region to affect the hand, we can 
test its effect upon the appreciation of size, shape and weight. 

Head and Holmes ([4] p. 110) have described such a case of 
lesion of the second cervical segment, the highest point that can 
possibly be affected within the limits of the spinal cord. The patient 
was at first paralysed in the right arm and leg; but this passed off, 
leaving him capable of every movement, though somewhat weaker in 
the right hand than in the left. When he came under observation 
two years later, the deep reflexes in the right arm and leg were 
exaggerated and the right plantar gave an upward response. Motion 
and: reflexes were completely unaffected on the left half of the body, 
and it is obvious that the lesion must have occupied the right half of 
the spinal cord only. 

As is usual in such cases pain, heat and cold were not appre- 
ciated over the whole of the opposite half of the body. All forms of 
tactile sensibility were however completely preserved, the position of 
any part of the left upper or lower extremity could be recognized with 
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ease and passive movements were appreciated within normal limits. 
The compass-points could be accurately distinguished and topical 
localization was perfect. 

When, however, we turn to the condition on the right half of the 
body, the side of the lesion, the condition was almost the exact 
opposite. Sensibility to touch, pain, heat and cold was perfectly 
preserved, but the patient was unable to recognize the posture of his 
right arm and leg, and could neither name nor imitate correctly the 
positions into which they had been placed. The compass-points could 
not be distinguished on the right palm, even at a distance of 6 cm. 
from one another. All power of recognizing size, shape and form in 
three dimensions was lost in the right hand, in spite of the fact that 
tactile sensibility was perfectly preserved. 'When some common object, 
such as a key, a coin, or a pencil, was placed in his right hand he was 
unable to say what it was. He could not estimate weight, nor recog- 
nize the relative hardness or softness of things held in the right hand. 

In this case the power of appreciating relations in two- and in three- 
dimensional space was grossly disturbed on the right half of the body, 
whilst ‘spot-finding,” or one-dimensional localization, remained un- 
affected. Within the limits of the spinal cord, this faculty is still 
linked up with impulses underlying the qualitative aspects of sensation 
which finally cross to the opposite half of the spinal cord. But those 
responsible for postural recognition and the discrimination of two 
contacts remain uncrossed in the posterior columns, throughout the 
whole of their course within the spinal cord. 

Now it is obvious that these columns consist mainly of projections 
from the peripheral nervous system. No synaptic junction guards 
their entrance and none of their exogenous fibres cross to the opposite 
side, as is the case with every secondary sensory path. They are not 
specific tracts and, from the functional aspect, do not belong to the 
intramedullary system. Every afferent impulse, which enters the 
spinal cord, travels for a longer or shorter distance in the posterior 
columns. Some, like those capable of exciting sensations of pain, of 
heat or of cold, are rapidly combined and pass away into specific tracts 
on the opposite half of the spinal cord and brain-stem; they run, 
without further interruption, to end in the receptive centre of the optic 
thalamus. Others, like those concerned with sensations of contact, seem 
to follow a double path. Finally, however, of all the afferent impulses, 
which entered some distant segment of the spinal cord, none remain in 
the posterior columns, except those which underlie recognition of 
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changes in two- and three-dimensional space. At the extreme upward 
termination of the spinal cord, these pass into the posterior column 
nuclei and cross to the opposite half of the nervous system. Up to this 
point, they have remained impulses of the primary level, which happen 
to have formed more or less qualitative groups in consequence of the 
gradual passing away of their peripheral companions ; in the posterior 
column nuclei, however, they undergo their first re-grouping and travel 
on in specific sensory tracts ({8] p. 636). 

Above the posterior column nuclei, impulses underlying the appre- 
ciation of posture and passive movement become separated from 
those concerned with tactile discrimination. These two aspects of 
spacial sensibility may be completely dissociated. Head and Holmes 
({[4] p. 120) described a case of a lesion in the brain-stem where 
recognition of passive movement was disturbed in the hand of the 
opposite side, whilst the compass-test gave identical results on the two 
halves of the body; the appreciation of size, shape and form in three 
dimensions was entirely unaffected. 

All afferent impulses, which reach the optic thalamus, pass through 
the receptive portion of this organ on their way to their final sensory 
centres. But by the time they reach this junction in the nervous 
system, they have become arranged into physiologically specific groups : 
those associated with sensations of touch, of pain, of heat and of cold 
run in specific tracts to terminate in separate thalamic end-stations. 

Such a mechanical arrangement is eminently comprehensible ; for 
each of these categories corresponds to some aspect of sensation, which 
can be discovered by introspection. But our account of the arrange- 
ment and course of the impulses, which are concerned with spacial 
recognition, must seem entirely unreasonable to the a priori psychologist. 
As soon, however, as our conclusions are leoked at physiologically, all 
difficulty disappears; for the method by which such impulses are 
integrated, on the physiological level, is admirably adapted to ensure 
the part which they must finally play in sensation. 

An appreciation of the sensory aspect of movement in three-dimen- 
sional space depends on impulses arising in the deep afferent system, 
whilst the faculty of discriminating two or more points of contact on 
a flat surface is associated with the integrity of end-organs in the skin. 
The fibres of these two peripheral mechanisms are continued central- 
wards in the posterior columns of the spinal cord. These tracts are 
not, functionally, a portion of the central nervous system, as far as their 
exogenous fibres are concerned, and the impulses underlying spacial 
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appreciation travel independently along each of the central projections 
of the two peripheral mechanisms in which they arose. They meet their 
first sensory synaptic junction in the cells of the posterior column 
nuclei. Here an opportunist anatomical arrangement becomes con- 
verted into a definite functional dissociation and, from this point 
onwards, each group of impulses travels in a separate specific tract. 

Meanwhile, however, the long association of ‘‘ spot-finding’’ with 
contact sensibility is also broken ; one-dimensional localization becomes 
separated from the power of recognizing touch and pressure. 

It is easy to see how this intimate connection, between the impulses 
underlying recognition of contact and of its point of impact, came about 
on the primary level. They arise simultaneously from the action of 
almost every external stimulus on the same two peripheral systems ; 
the tactile aspect of pressure, and the power of appreciating the spot to 
which it is applied, are a function of the deep afferent mechanism, 
whilst recognition of the finer degrees of touch and their accurate 
localization depend on impulses from the epicritic system on the 
surface Of the body. First of all, integration must weld the physical 
substrata of these two aspects of contact sensibility and localization 
into one coherent physiological group. This occurs in the secondary 
paths of the spinal cord and brain-stem. But, when we consider 
sensation from the psychical point of view, its spacial relations are 
indivisible; localization forms an inseparable part of our appreciation 
of space. The impulses upon which it depends must, therefore, 
become detached from those underlying sensations of contact, in 
order that they may be combined into one coherent spacial group. 
Finally, all those impulses potentially capable of revealing spacial 
relations impinge upon the appropriate centre in the cortex of the 
brain, to give birth to those processes which immediately underlie 
the sensory aspects of space. This is an example of the rule, that 
the arrangement of the peripheral nervous system depends on struc- 
tural and developmental conditions; that of the intramedullary level 
is essentially functional or physiological, whilst the final processes, 
which underlie sensation, are grouped according to categories that 
can be discovered by introspection. 


- § 5.—Sensory and Non-sensory Afferent Impulses. 


When a tract degenerates in a centripetal direction, it probably 
conducts afferent impulses, but it is not, therefore, of necessity sensory 
in function. Some afferent impulses are destined never to affect con- 
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sciousness, whilst others may or may not form the basis of a sensation, 
according to circumstances. This distinction has not been sufficiently 
emphasized, but is the key to many otherwise inexplicable arrangements 
in the central nervous system. 

Thus, the posterior columns of the spinal cord conduct, amongst 
other impulses, those from the deep structures such as joints, tendons 
and muscles ; on thése depends our ability to recognize the position of 
the body in space. But, apart from this conscious recognition of 
posture, it is of supreme importance that the great centres for the 
maintenance of posture and bodily tone should receive afferent impres- 
sions from the joints. Impulses underlying deep sensibility, therefore, 
act upon the cerebellum and its allied centres, and in so doing remain 
for ever outside consciousness. 

The afferent stream from deep structures, passing up the posterior 
column of the spinal cord, can affect two terminal centres. One of 
these is the cortex, with consequent recognition of posture and move- 
ment; the other, the cerebellar system, regulates and controls the 
postural and tonic aspects of muscular activity without in any way 
exciting consciousness directly. We know that some part of our body 
has assumed a certain position, or that a definite movement is taking 
place under the influence of the will; but the preliminary co-ordination 
of muscle-groups and shifting of tonic innervation, necessary for such 
changes, are carried on, without the accompaniment of any conscious 
process. 

This is shown by the complete absence of sensory disturbance in 
uncomplicated lesions of one half of the cerebellum. Motion is gravely 
affected ; the patient is unable to make rapid rotatory movements, or to 
touch his nose readily with the affected hand. He may titubate, or 
deviate grossly, when attempting to walk round a table and be unable 
to stand on the affected leg, even when his eyes remain open. And 
yet the closest examination fails to reveal any want of recognition 
of posture, or passive movement, loss of vibratory sensibility, or other 
analogous defect. 

Holmes ([9] p. 512) has given a striking example of the difference 
in this respect, produced by lesions of the cerebellum and of the 
cerebral cortex, and has incidentally exposed a fallacy in the deduc- 
tions of other observers. He showed that, if a patient with a unilateral 
lesion of the cerebellum was told to compare two identical weights 
placed simultaneously one in each hand, the weight on the affected side 
was thought to be the heavier. Even when they differed from one 
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another by one quarter (200 to 150 grm.), the lighter weight might 
seem to be heavier on the same side as thelesion. But this defect is not 
primarily one of sensation, for, if the same two weights were placed 
one after another on the affected hand, they were uniformly estimated 
correctly. When the patient was compelled to compare one weight, 
supported by a limb whose movements were inco-ordinate, with an 
identical or even heavier weight on the normal hand, he tended to 
overestimate the one on the affected side. But, if he was allowed to use 
the same defective mechanism to weigh both objects, he was able to 
gauge their relation as accurately as on the normal palm. 

I can fully confirm these observations from experiments made upon 
a patient under my care with injury to one half of the cerebellum. 
Equal weights placed simultaneously in the two palms were invariably 
said to be heavier on the affected side. It was not until the relation 
became that of 100 to 40 grm., that he thought the two weights were 
equal. But, if they were placed one after the other on the affected palm, 
he had no difficulty in giving uniformly correct answers, even when 
they differed so little as 100 yrm. and 80 grm. This was also the 
limit of his appreciation on the normal hand, and many healthy persons 
cannot even reach this standard of accuracy. The following experi- 
ment shows how completely the original failure to estimate weights, 
placed simultaneously on the two hands, was due to a disturbance of 
movement in the affected limb. When the two hands were completely 
supported and weights were placed one in each palm, he had no 
difficulty in recognizing their identity, or the difference between 100 
and 80 grm., provided he made no movement. That is to say, he 
could estimate correctly the relative pressure of the two weights, 
provided the muscles were at complete rest; but as soon as the hands 
were lifted, this perfect recognition was disturbed by the inco-ordinate 
movements in the limb on the side of the lesion, and he thought the 
weight on the affected hand was the heavier. 

Throughout their passage within the posterior columns of the 
spinal cord, impulses concerned with the regulation of posture and 
movement are given off into direct cerebellar paths on the same side 
of the body. This is probably a reason why such afferent products 
of deep sensibility remain uncrossed, until they reach the nuclei of these 
columns at the termination of the spinal cord. By this time they have 
given off most of the impulses destined to influence unconscious postural 
activities, and the remainder become recombined and cross rapidly into 
secondary tracts of the brain-stem, to underlie conscious recognition of 
posture and movement. 
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Apart, however, from their unconscious effect in co-ordinating 
voluntary movement, these postural afferents exercise a profound 
influence on the character of spinal reflexes. When the cord has been 
gravely injured and the conditions are favourable to the return of 
activity in its severed portion, the response to stimulation sometimes 
assumes a massive and diffuse character. (Head and Riddoch [5)). 
The lower extremity becomes flexed, the abdominal muscles contract, 
bladder and rectum are thrown into activity and the patient may sweat 
over those parts of his body, which are innervated from below the lesion. 
Whatever the position of the limbs or the site of the stimulus, the 
answer is of the same character, widespread and uncontrolled. In 
order that this mode of reaction may appear, the mechanism for postural 
co-ordination must have undergone such gross injury, that no efferent 
impulses from the mid-brain centres can pass through the damaged 
region. Consciousness appears to play no essential part in determining 
whether it shall appear or not ; for the patient may be insensitive to all 
forms of stimulation, however intense, and may be unable to appreciate 
the posture and movements of the lower extremities, and yet this 
massive response be absent. 

It is to these unconscious postural and spacial impulses that we owe 
the adaptation of spinal reflexes to the site of the stimulus and the 
position of the imb. They act upon centres of the mid-brain and pons, 
and so control the reflex motor activity of the cord through proprio- 
spinal paths and centres. So long as this mechanism is intact, the great 
postural centres can dominate spinal reflexes. The answer to stimula- 
tion is endowed with local and postural signature. Not only the nature 
of the stimulus but its superficial extent and the position of the limb 
determine the character of the motor response. 

In addition to these afferent impulses which never reach conscious- 
ness, there are a number of others which do not normally excite 
sensation. Thus, many impulses from the viscera produce an appropriate 
reflex action, without primarily affecting consciousness. When, in the 
course of some experiments on visceral sensibility, I passed warm water 
into the gut through a colostomy opening, the patient complained that 
he wanted to defecate ; a reflex peristalsis was set up, of which he was 
conscious, although he failed completely to recognize the stimulus by 
which it had been evoked. Most of the afferent impulses from the 
stomach and intestines probably belong to this order. 

But many impulses capable of forming the basis of a sensation are 
prevented under normal conditions from reaching the highest centres ; 
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or, if their forward path is not completely barred, they pass on in a 
profoundly modified form, in consequence of the concurrent activity of 
other sensory end-organs. The utility of this arrangement is obvious, 
especially in the case of those impulses which underlie discomfort or 
pain. Temperatures of from 40° to about 45° C. normally produce a 
pleasurable sensation of warmth; but, in the absence of the heat-spots 
and the epicritic thermal mechanism, such temperatures cause pain. 
This is well seen in the experiment on the glans penis, where a 
temperature which was exquisitely disagreeable became pleasant as 
soon as the warm water reached the area supplied with heat-spots. 

It is obvious, therefore, that any temperature between 40° and 45 C. 
is an adequate stimulus to the pain-spots. Every time the hands are 
dipped into water between these degrees, innumerable impulses are 
evoked which are potentially painful. But they are prevented from 
affecting consciousness by the coincident excitation of the sensory heat- 
mechanism in the skin; for a sensation of pleasant warmth is in- 
compatible with the co-existence of pain. 

As the temperature rises, these potentially painful impulses increase 
in strength, until they can no longer be inhibited ; they then form the 
basis of a sensation of pain. Here, consciousness is not disturbed until 
impulses are produced, not only in themselves of sufficient strength to 
evoke a sensation, but able to overcome the inhibitory effect due to 
the activity of other specific end-organs. 

In a similar way, the return of epicritic sensibility reduces the 
amount of pain caused by cutaneous stimuli, without at the same time 
raising the threshold. Radiation and reference are inhibited and the 
pain produced by a prick is restricted to the immediate neighbourhood 
of the spot stimulated. This diminution in extent reduces the amount 
of pain suffered by the patient, although the measured threshold for 
painful sensations may be actually lower than during the preceding 
protopathic stage. 

Pain is the oldest defensive reaction, and potentially painful stimuli 
are the basis of all primitive reflexes. It is therefore most important 
that potentially painful impulses should be diminished in extent, or 
actually inhibited in favour of those sensory impressions more capable 
of leading to discrimination. The mechanism underlying the production 
of pain must however remain in full physiological activity, so that it 
may play its part in defence of the organism, when noxious stimuli 
reach a high rade of intensity. 

Thus, we have been able to show that the existence of non-sensory 
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afferent impulses plays an important part in determining the mechanical 
co-ordination of voluntary action and are also of paramount importance 
in the production of spinal reflexes. Moreover, the evolution of the 
‘more discriminative functions of sensibility is-largely bound up with 
the control of afferent impulses, which, if they affected consciousness, 
would evoke sensations of pain and feelings of discomfort. 


§ 6.—Feeling-Tone and the Optic Thalamus. 


Anatomically, the optic thalamus is one of the most intricate regions 
of the central nervous system ; and, since most pathological conditions 
in this situation do not produce selective destruction, the clinical picture 
presented by a thalamic lesion is usually extremely complex. But, by 
a suitable choice of illustrative cases and by analysis of the symptoms 
they present, it is not difficult to discover the part played by this organ 
in sensation. For first of all, it is an end-station for all sensory afferent 
impulses, whence they start on two main lines to culminate in centres, 
which subserve two diametrically opposed aspects of sensation. 

I shall not enter into the complexities of a case of thalamic disease ; 
these are fully dealt with in the paper by Head and Holmes [4], where 
many illustrative examples are given. My business here is to show 
the fate of those afferent impulses, ultimately destined to excite the 
activity of the cerebral cortex and so endow sensation with certain 
specific qualities, dependent for their existence on this centre. But it is 
necessary first to consider how the optic thalamus influences the 
general stream of impulses, which travel onwards from its receptive 
end-station. 

Above this junction in the nervous system, afferent impulses have 
the opportunity of affecting two sensory centres: on the one hand, the 
essential organ of the optic thalamus, distinct from its receptive 
mechanism, and on the other the.cerebral cortex. This essential organ 
of the thalamus is the centre of “awareness’’ for certain aspects of 
sensation. It responds to all stimuli capable of producing sensations of 
a change in state. Thus, contact, especially movement across the 
surface of the body, arouses in the patient’s mind recognition that 
something is happening, although he may be unable to appreciate the 
quality or situation of the stimulus. The thalamic centre reacts to the 
affective aspect of sensibility; when the patient exclaims, “ Something 
is happening to me, I am being hurt,” instead of, ‘‘ You are sticking a pin 
into me,” he is emphasizing the consequences of such thalamic appeal. 
- The essential organ of the optic thalamus is the centre for this 
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aspect of sensation and responds to all stimuli capable of evoking 
either pleasure or discomfort. The feeling-tone of somatic or visceral 
sensations is the product of thalamic activity, and the greater the 
affective reaction to any stimulus the more certain is its thalamic 
appeal. Conversely, the more entirely any aspect of sensibility depends 
upon discrimination, as for instance the recognition of spacial relations, 
the less does it call upon the activity of the optic thalamus. 

The sensory impulses evoked by a glass of hot water, held in my 
hand, influence my consciousness through these two centres. Recog- 
nition of contact, the sensation of heat and the pleasure or discomfort 
it gives me, according to the degree of temperature, are the product of 
thalamic activity, whilst the roundness, size and weight of the contain- 
ing vessel, together with my power of appreciating the posture of the 
hand in which it lies, are the cortical aspect of the resultant general 
sensation. 

During the passage through the secondary tracts of the central 
nervous system, sensory impulses undergo integration into groups of 
similar physiological significance. By the time they leave the receptive 
organ of the optic thalamus, this recombination on functional lines is 
complete, and, from this point onwards, sensory impulses travel in 
seven separable streams, each of which may be interrupted independently 
of the other. 

The grouping at this level is still strictly physiological; each set of 
impulses arising from a certain aspect of peripheral stimulation still 
carries with it, not only the power of evoking a specific sensation, but 
also the capacity of endowing it with the appropriate feeling-tone. 
From the thalamic junction onwards, these physiological combinations 
have the opportunity of acting on two terminal centres. They can 
excite the essential organ of the optic thalamus, which is associated 
mainly with the affective side of sensation, or the so-called ‘sensory 
cortex,”’ the centre for its more discriminative aspects. Each of these 
two end-stations reacts to the afferent quality to which it is attuned, 
and refuses to respond to those with which it is not in harmony. 

How this selective reaction works in practice will be evident, if 
we consider in detail the constituents of each of these seven afferent 
streams. 

(a) Tactile elements: This group contains all those impuises evoked 
by every form of contact, superficial and deep; they form a graduated 
scale from the lightest touch to the heaviest pressure, and include the 


physiological effects of moving rough objects across the surface, of 
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stimulating the hairs, and of all manipulations which cause tingling and 
itching. 

Now it is obvious that these impulses must make a double appeal. 
Sudden contact with some hard body, a rough object dragged across 
the skin, brushing the hairs and tickling stimuli are all sufficient to 
excite the thalamic centre; the sensations they evoke are heavily 
charged with feeling-tone. But a fine appreciation of the different 
degrees of tactile stimuli, or of the pressure of various weights placed 
on the fully supported hand, makes an appeal to the discriminative 
aspect of sensibility with which the optic thalamus has no concern. 

(b) Painful elements: Here we find a condition the exact converse 
to that just described for the tactile elements. All painful or un- 
comfortable stimuli appeal mainly to the thalamic centre and, slightly 
if at all; to that in the cortex. But it is necessary at the outset to 
distinguish clearly between ‘‘discomfort” and “pain.”’ Pain is a 
distinct sensory quality equivalent to heat and cold, and its intensity 
can be roughly graded according to the force expended in stimulation. 
Discomfort, on the other hand, is that feeling-tone which is directly 
opposed to pleasure. It may accompany sensations not in themselves 
essentially painful, as for instance that produced by tickling the sole 
of the foot. The reaction produced by repeated pricking contains both 
these elements; for it evokes that sensory quality known as pain, 
accompanied by a disagreeable feeling-tone, which we have called 
discomfort. On the other hand, excessive pressure, except when 
applied directly over some nerve trunk, tends to excite more discomfort 
than pain, and makes a more exclusively thalamic appeal. 

The secondary tracts in the spinal cord, devoted to the painful 
aspects of sensibility, conduct all impulses, capable of arousing pain or 
discomfort, in connection with injuries to the superficial or deep parts 
of the body. But even before the fillet actually terminates in the optic 
thalamus, the more disagreeable stimuli, such as excessive pressure, can 
influence consciousness, though the affected parts are totally insensitive 
to the pain of pricking or burning. This is evidently the first indica- 
tion of the ultimate action of all painful and uncomfortable stimuli 
on the affective centre in the optic thalamus. But, although the appeal 
of all such aspects of sensibility is overwhelmingly thalamic, it must 
not be forgotten that pain can be roughly graded according to the 
intensity of the stimulus; in so far, it is the product of cortical activity. 
How small is this element in most disagreeable stimuli is shown by the 
extreme difficulty in devising graduated painful tests, which are capable 
of giving measurable results. 
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(c) and (d) Thermal elements (heat and cold): The impulses under- 
lying sensations of heat and cold travel up to the spinal cord and brain- 
stem in specific tracts, and still remain separable above the level of the 
thalamic junction. Each of these afferent groups can exert a profound 
influence, both on the essential organ of the optic thalamus and on the 
sensory cortex. Cold is almost universally uncomfortable, but heat 
may excite either pleasure or discomfort, according to the temperature 
of the stimulus; feeling-tone is always an important characteristic of 
thermal sensations. 

But, apart from the affective aspect, we believe that the optic 
thalamus forms the physiological end-station for those activities which 
underlie the qualitative appreciation of thermal stimuli. A patient, in 
whom the sensory cortex has been thrown out of action, may recog- 
nize heat and cold correctly, although he is unable to appreciate the 
relation between two hot or cold objects. Crude sensations of heat 
and of cold are functions of the activity of the essential organ of the 
optic thalamus. 

On the other hand, finer discrimination of thermal stimuli is a 
function of the cortex. The normal human being can distinguish 


different degrees of temperature with considerable accuracy, although 
they do not differ in quality from one another. Both 35° C. and 
42° C. are said to be “‘ warm,” when applied to a sensitive part, 
such as the palm of the hand, but there can be no doubt that the 
latter is the warmer. This power of discriminating between two 


stimuli of the same sensory quality becomes less accurate the nearer 
they approach to the extremes of heat orof cold; for, at the two ends 
of the scale, the reaction tends to approximate to the “all or nothing” 
response, so characteristic of the activity of the heat- and cold-spots. 
Thus, the optic thalamus forms the physiological end-station for 
those aspects of thermal sensibility concerned with feeling-tone and 


“ce 


crude qualitative appreciation of heat and cold. The sensory cortex, 
on the other hand, is responsible for the faculty of discriminating 
quantitative differences in intensity. 

(e) (f) and (g) Spacial elements.—Above the level of the posterior 
column nuclei, impulses concerned with the three aspects of spacial 
recognition run in three separate streams, apart from those associated 
with sensations of touch and pressure. There is no evidence to show 
that these groups make any thalamic appeal. They are associated 
with purely discriminative processes, such as the power of appreciat- 
ing posture, recognition of two or more simultaneous contacts and 
localization of the stimulated spot. 
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On the integrity of each of these afferent groups depends the faculty 
of responding accurately to some more complex test. Thus, the group 
concerned with relations in three-dimensional space is not only 
responsible for our recognition of posture and passive movement, but 
also, at this level, endows us with the power of estimating correctly the 
difference between two weights placed on the unsupported hand one 
after the other. The act of “ weighing” an object in the palm is a 
fonction of this stream of impulses. 

In the same way, appreciation of the relative size and shape of flat 
objects depends on the same afferent group as the power of discrimi- 
nating the two points of the compasses applied simultaneously. 

Thus, in conclusion, we have been able to show that afferent 
impulses pass on from the receptive centre in the optic thalamus in 
seven separable streams. Each of these acts upon one or both of the 
terminal physiological centres. At the one pole, stand the effects 
produced by painful stimuli, which profoundly affect the essential 
organ of the optic thalamus, but have little influence on cortical 
activity; at the other extreme we find the physiological substrata of 
spacial recognition, which appeal exclusively to the sensory cortex. 


§ 7.—Discrimination and the Cortex Cerebri. 


The paths between the termination of the fillet in the optic 
thalamus and the essential thalamic centre lie in the body of this organ 
and cannot be completely interrupted without producing some destruc- 
tion of incoming sensory impulses or injury to the centre itself. But 
the paths from the receptive end-station in the optic thalamus to the 
cortex pass by way of the internal capsule and the radiating fibres of 
the centrum ovale. These tracts are frequently interrupted by disease, 
and it is therefore possible to determine the nature and grouping of the 
sensory impulses, which they conduct to the cortical centres. 

Lesions of these subcortical paths show that we are still dealing 
with physiological processes destined to excite those central activities 
which underlie the cortical aspects of sensation; the defects of sensi- 
bility are evidently due to the fact that certain afferent elements fail to 
reach the intact centres of the cortex. 

We have described, in the previous section, the groups of afferent 
impulses which pass away from the terminal receptive mechanism in 
the optic thalamus to influence, on the one hand, its essential centre, 
and on the other the sensory cortex. Subcortical lesions reveal the 
same streams, differing only in the fact that they have shed all those 
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elements capable of exciting thalamic activity. Thus, as before, each 
of the three groups of spacial elements seems to run independently of 
the others, and can be affected separately. Moreover, a loss of power to 
recognize posture and movement still carries with it inability to com- 
pare the weight of the two objects, placed successively on the un- 
supported hand, and defective discrimination of the compass-points is 
associated with want of appreciation of relative size and shape in two 
dimensions. 

At this level of the nervous system, an interference with tactile 
impulses does not prevent the patient from recognizing contact or 
roughness. But it disturbs appreciation of the relative intensity of 
graduated tactile stimuli and of increase or diminution in weights 
placed on the fully supported hand. 

Any disturbance that may be present in thermal sensibility is 
shown by defective recognition of the relation between temperatures 
of the same quality. The patient can still distinguish heat and cold, 
but cannot be certain if one warm object is warmer or cooler than 
another. At the same time, the neutral portion of the scale, where 
the stimulus seems neither hot nor cold, may be considerably enlarged. 
That is to say, any actual loss of sensation is found amongst those 
temperatures, which must be compared to be appreciated and are most 
susceptible to sensory adaptation. 

Such are the materials out of which the cortex manufactures those 
physiological processes, which underlie certain specific aspects of sen- 
sation. When, however, we examine the sensory effects produced by a 
lesion of the cortex, we are no longer confronted with a gross physio- 
logical defect, but with what appears to be a want of attention; the 
patient seems to be untrustworthy. Sometimes he appreciates a touch, 
sometimes even a stronger stimulus fails to evoke an answer; he 
knows that the object in contact with the affected part is warm, but 
cannot tell whether it is hotter or colder than one he has previously 
held in his hand. Sensation is not abolished, but his answers are 
confused ; and yet on further examination they are found to be unsatis- 
factory only in so far as they concern the affected part. Elsewhere, he 
may give results which in accuracy are up to or even above the 
normal average. 

Analysis of this apparent untrustworthiness of the affected part 
shows that it depends upon three main factors. First of all, the 
answers given by the patient are inconstant; at one moment he seems 

to appreciate a stimulus of a certain intensity, at the next it remains 
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entirely without effect upon his consciousness. Thus, it may be 
necessary greatly to increase the stimulus before a series of correct 
answers can be obtained, and not infrequently even then no regular 
response can be evoked. In such a case, we cannot work out a 
threshold, not because the patient never appreciates the stimulus, but 
because at every intensity it sometimes causes a sensation and some- 
times passes unnoticed. 

Secondly, a cortical lesion tends to destroy the power of appreciating 
the difference between two objects which have certain basic sensory 
qualities incommon. Thus, the patient may no longer be able to tell 
which of two weights is the heavier, although they are of the same 
shape and cover an identical surface. He may also lose the power of 
recognizing the relative size and form of objects and, although he can 
tell whether a fabric is rough or smooth, he may no longer be able to 
distinguish flannel from silk. 

Thirdly, the cortex is responsible for the spacial aspects of sensa- 
tion and one of the most frequent consequences of a lesion in this 
situation is inability to recognize correctly the posture of the affected 
parts of the body ; this is often accompanied by a more or less defective 
discrimination of the compass-points and some want of power to 
determine the situation of the spot touched. But these changes in 
sensibility are curiously uncertain. A varying reaction to constant 
stimuli, hallucinations, and wrong answers of all kinds mar the 
measured records to an extent not usually present when the lesion 
lies at lower levels of the nervous system. 

The cortex is the repository of past impressions and these sensory 
dispositions profoundly modify the effect produced on the arrival of 
fresh impulses. As far as the spacial aspect of sensibility is concerned, 
a disturbance of these sensory dispositions would be responsible for just 
that uncertainty of recognition of three-, two- and one-dimensional 
relationships, which actually follows a cortical lesion. For it would be 
impossible to discover the position of any part of the body, unless the 
immediate postural impressions were related to something that had 
preceded them. A direct perception of posture, analogous to that of 
roughness, cannot occur; in every case, the new position of the limb is 
related to some previous posture. 

We have been able to show that the standard against which a 
change in posture is estimated is not an image either visual or motor; 
it lies outside consciousness. Every recognizable change in posture 
enters consciousness already charged with its relation to something 
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which has gone before, and the final product is directly perceived as a 
measured postural change. For this combined standard, against which 
all subsequent changes in posture are estimated, before they enter 
consciousness, we have proposed the word “ schema.” Man perpetually 
builds up a model of himself, which constantly changes. Every new 
posture or movement is recorded on this plastic schema and the 
activity of the cortex brings every fresh group of sensations evoked by 
altered posture into relation with it. Immediate postural recognition 
follows as soon as this relation is complete. A cortical lesion tends to 
destroy such schemata and so disturbs the certainty of spacial recognition. 

Inconstant recognition, want of appreciation of intensity and 
inability to relate and measure sensation are the consequences of a 
lesion in certain portions of the cortex. Attention can no longer move 
with freedom and certainty over the objects presented to it, so far as 
they arise in consciousness connected with sensory processes from the 
affected parts of the body. Obviously then, the consequences of a pure 
cortical lesion produce changes of which the manifestations are essen- 
tially psychical. We are above the level at which the defects in 
sensibility are due to interference with afferent impulses and the dis- 
turbances produced by a cortical lesion are manifested in defective 
attention and discrimination. 


CHAPTER III].—THE METHOD AND AN ILLUSTRATIVE CASE. 
§ 1—The Method. 


Such were the views we expressed on the activity of the cortex in 
the production of sensation. We had determined the manner in which 
the affected parts of the body reacted to a series Of sensory tests, and 
were anxious to demonstrate the general afferent functions of the 
cortex, unhampered by an analysis of dissociated sensibility or questions 
of anatomical! localization. 

But it is obvious that our tests were empirical, and, though each 
was selected to explore some special aspect of sensibility, we were not 
justified in correlating the numerical results yielded by one test with 
those of another. Even the three methods we used for estimating 
defects in spacial recognition could not be directly compared. Suppose, 
for example, that passive movements of less than 30° in extent were 
not appreciated, and the compass-points could not be discriminated 
until they were separated by a distance of 3 cm.; how can we say 
which of these two aspects of spacial sensibility was disturbed to a 




















96 





ORIGINAL ARTICLES AND CLINICAL CASES 





greater degree? Both were obviously defective, but we cannot compare 
the relative amount of the affection. 

Still less can we correlate directly the numerical results of tests 

‘depending on sensory impulses of a different order, such as those under- 
lying spacial recognition or the appreciation of thermal differences. 
Yet before it is possible to analyse the part played by the cortical 
centres in sensation, it is essential to find some method of correlating 
the amount of sensory loss revealed by each test in turn. 

Now Holmes and I had already seen cases, such as those described 
by Russe] and Horsley [14], where the condition of the hand was not 
uniform. Some digits showed gross loss of sensation, others were 
normal or but slightly affected. Not only might the severity of the 
loss differ over each finger, but its character might not be the same 
even on neighbouring digits. When, for instance, the little finger 
showed gross loss of recognition of passive movement, of tactile dis- 
crimination and of localization, it by no means followed that all these 
functions were disturbed on the ring-finger. It was obvious that such 
cases gave us the opportunity of determining the forms which sensory 
dissociation might assume when caused by a lesion of the cortex, and 
thus, incidentally, of grouping the main factors in its sensory activity. 

For the more acute and severe the lesion, the wider will be the 
disturbance of function it produces, as far, at any rate, as the sensory 
cortex is concerned. This law holds, not only for sensation in its 
entirety, but also for any one specific aspect of sensibility; thus, in 
any particular case, one form may be disturbed over both hand and 
foot, whilst some other sensory quality is affected on the hand alone. 
Here we should be justified in saying that the more extensive loss 
signified a graver affection of the corresponding aspect of sensation. 

The truth of this law will be abundantly proved by the many 
examples of sensory dissociation, which I shall consider more in detail 
later. But it is obvious that, in the light of such a hypothesis, cases 
where the various digits show different sensory dissociations become of 
fundamental scientific interest. Suppose, for instance, that one of the 
spacial aspects of sensibility were affected in four out of the five digits, 
whilst the power of appreciating graduated tactile stimuli was disturbed 
in the little and ring-fingers only, we are justified in assuming that the 
lesion has produced a greater loss of spacial than of tactile appreciation. 
By determining the number of digits, which are shown to be affected 
to each sensory test, we are able to correlate the disturbance of the 
various aspects of sensation. 
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Once this relation has been established, the actual results of 
measurement can be roughly calibrated and compared. We may find 
that on one of the digits every form of spacial recognition is grossly 
affected, but on the neighbouring finger the three-, two-, and one- 
dimensional tests give different results. Passive movement may not 
be recognized with certainty, however extensive the range within 
normal limits, whilst the two compass-points can be accurately dis- 
criminated if they are 3 cm. apart; “‘ spot-finding,’’ however, is not 
measurably disturbed, but the patient complains that it is more difficult 
to discover the exact point of contact than over similar parts of the 
normal hand. Here, then, on the same finger are three grades of loss. 
It is obvious that the three-dimensional test is grossly affected, because 
no threshold can be obtained. Discrimination of. two points shows a 
smaller disturbance, for a threshold could be determined, although i 
was raised considerably above the normal. On the contrary, one-dimen- 
sional recognition was not measurably disturbed ; but the patient knew 
by introspection that it was more difficult than over unaffected parts. 

In civilian practice these cases occur so infrequently that it was 
impossible to investigate the problem systematically on these lines. 
But, as a consequence of the War, every neurologist has come across 
patients with injuries of the skull who have complained that one 


part of the hand “feels different” from the other. This may be a 
may remain almost 




























temporary phase on the road to recovery, or 
‘unaltered for many months or years. I believe that these cases give 
the key to the part played by the cortex in the production of sensation, 
and enable us to guess at the topographical localization of the various 
sensory activities which they reveal. 

Twenty-one such cases have come under my observation, and I have 
fortunately been able to work them out fully, in spite of the considerable 
expenditure of time necessary in each instance to obtain a complete set 












of records. 
The methods I have used are those set forth in the paper with 


Gordon Holmes [4]. I have employed them systematically, because 
I knew their capacity and the fallacies to which they were exposed ; 
moreover, it seemed better to investigate each of these remarkable 
cases on lines that would allow of correlation with civilian experience. 










§ 2.—An Illustrative Case. 






It will bé well to begin with an account of one of these cases, so that 
the clinical phenomena they exhibit may be clear before we pass on 
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to a more detailed examination of the sensory dissociation in each 
particular instance. 

Case 17.—Private F. L., aged 29. On February 17, 1915, he was hit 
by a bullet which glanced from a sandbag and struck the left side of his 
head. He walked to the dressing station and was sent on to a field ambulance, 
arriving within three hours from the time of the wound. He suffered a good 
deal from pain in the head but did not vomit or feel sick. The right arm was 
weak, and, although he knew what he wanted to say, he had difficulty in finding 
words to express his meaning. 

On February 19, he was operated upon by Captain Browne, who made the 
following notes: “Gunshot wound of head. Exit and entrance wounds over 
left motor area. Wounds joined up and extended. Gutter fracture of outer 
table ; much fissuring of inner table; blood clot; dura incised; clot under 
dura with extensive pulping of cerebrum. Right arm, motor paralysis. Right 
facial paralysis and affection of speech. After operation, face and speech 
improved.” 

On March 3, he was transferred to London; his condition was carefully 
* worked out by Dr. Fearnsides, who kindly arranged that I should see him. 
After some time spent at a convalescent home, he came under my care at the 
London Hospital in July, 1915. The following account is based upon records 
taken by myself during the first fortnight of that month. 

At that time, four months after the wound, I found him an extremely 
intelligent, quiet Yorkshireman, who had left school at 12 years of age in the 
sixth standard, and held a second class Army certificate. 

The wound had healed firmly and now consisted of a pulsating depressed 
scar covering a defect in the bone of an irregular diamond shape. This was 
situated 15°5 cm. behind the nasion and 1°5 em. to the left of the middle line, 
The area of bony loss measured 8°5 cm. antero-posteriorly and 4 cm. across at 
the widest part. The nasion-inion measurement was 34°5 cm. and the inter- 
aural line cut it 14°5 cm. behind the root of the nose (fig. 17). 

Speech was entirely unaffected. He had not suffered from any form of 
convulsion or seizure. All headaches had disappeared several months before. 

Vision was § with either eye and the visual fields were normal. The discs 
showed no signs of past or present change. Hearing, smell and taste were 
unaffected. 

The pupils reacted normally. Ptosis, nystagmus and ocular paralysis were 
absent. The face, tongue and palate moved well and equally. 

The right wrist-jerk was slightly greater than the left, but both were brisk. 
Knee-jerks, ankle-jerks and plantar reflexes were absolutely normal. Both 
upper and the left lower abdominal reflexes were brisk; but that from the 
right iliac fossa was defective. Scratching the subumbilical area on the right 
side produced a contraction above the level of the umbilicus only. 

The only defects in motion were to be found in the right hand; with this 
exception, even the movements of the right upper extremity were performed 
powerfully against resistance and showed no inco-ordination. 





















SENSATION AND THE CEREBRAL CORTEX 99 





The grasp of the right hand was fairly strong, but clumsy and considerably 
weaker than that of the left; it did not relax materially when his eyes were 
closed. If his hands were held out in front of him. the fingers were out of 
alignment and, when made to close his eyes, they fell into irregular movements 
of flexion and extension. The contrast between the falling away of the fingers 
and the steadiness of the arm and forearm was exceedingly striking. Even 
with the eyes open he could not flex or extend the thumb without coincident 
irregular movements occurring in the fingers, and no isolated movements were 
possible in any of the digits of the right hand. Told to flex the index finger, 
he bent it at once, but at the same time considerable flexion occurred in all 
the other fingers and at the terminal joint of the thumb. When asked to 
straighten the right index, the thumb became extended together with the 
terminal joints of the middle, ring and little fingers, although the metacarpo- 
phalangeal joints continued somewhat flexed. If, however, he was told to 
open all his fingers, he did so rapidly, though the fingers remained out of 
alignment, owing to a diverse amount of flexion remaining at the metacarpo- 
phalangeal joints. The amount to which the fingers could be extended varied 
greatly from time to time, but the little finger was always in the worst 
position. 

These difficulties in movement were distinctly exaggerated when his eyes 
were closed. No gross increase or decrease of tone could be discovered in the 
fingers or thumb of the right compared with those of the left hand. 


Sensation. 


His only complaint on the sensory side was that his right hand 
“feels numb”; when he woke at night he knew he had a right hand, 
but it seemed stiff and dead. 

Measured movement.—No sensory changes could be discovered to 
any of the tests we use, either in the upper extremity above the wrist, 
or in the lower limb. All deviations from the normal, found in this 
case, lay in the right hand and were worked out finger by finger with 
the following result :— 


Measured movement R. (affected) L. (normal) 
Thumb .. _ ee oe ‘is — EE 
Index finger ee so rev es oe “0. ee 
Middle finger ae -- 10° to 20° (gross loss) a a. ee 
Ring finger os -- 10° to 20° (gross loss) ein oo I 
Little finger “a «+ 10° to 20° (gross loss) ee oe 1% te 9° 


In every case, at least ten observations were made on each digit, 
and it is evident that on the normal hand the patient gave a perfect 
series of answers with a movement: through an angle of less than 2°. 
But on the right hand, the records from the middle, ring and 
little fingers showed gross defects of appreciation; not only was it 
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necessary for the movement to range through from 10° to 20°, but the 
answers were uncertain and the direction in which the finger had 
been moved was not infrequently misinterpreted. In the case of the 
index finger, there was no such error or uncertainty, but the threshold 
was raised; a movement through from 5° to 10° was necessary for 
appreciation, whilst on the normal side flexion or extension of from 
1° to 2° was at once recognized. No difference could be discovered 
between the range of movement necessary for correct appreciation 
in the two thumbs. 

Vibration of the tuning-fork—A tuning-fork beating 128 vibra- 
tions per second (C°) was placed on the palmar aspect of the terminal 
phalanx of the right *little finger and allowed to remain there until 
the patient said it had ceased. It was then transferred to the similar 
part of the left hand and the vibration was appreciated for from ten to 
fifteen seconds longer. But, when the converse experiment was tried, 
he failed entirely to recognize any vibration in the affected little finger, 


after it had apparently ceased on the normal side. This result was 
recorded as follows :— 





















From R. little finger to L. + 15 sec. + 10 sec. 
‘From L. little finger to R. + 0 sec. + 0O sec. 











In the ring and middle fingers the records showed a less gross loss 
of sensation and in the index finger the loss was so slight as to be just 
perceptible only on the records. 


From R. index finger to L. + 12 sec. + 11 sec. 
From L. index finger to R. + 9 sec. + 8 sec. 





There was no difference between the answers obtained frem the two 
thumbs; evidently the right thumb was not affected to this test. 












Simultaneous compass-test— 







R. L. 
Thumb - Pe Perfect at 1 cm. ‘a ae Perfect at 1 cm. 
Index wa “s Perfect at 1 cm. en - Perfect at 1 cm. 
Middle oe oe Gross loss at 3 cm. ne = Perfect at 1 cm. 
Ring sa ee Gross loss at 3 cm. on es Perfect at 1 cm. 





Little 





Gross loss at 3 cm. Perfect at 1 cm. 






To this test the little, ring and middle fingers were affected, whilst 
the index and thumb gave perfect records when the points of the 
compasses were 1 cm. apart. This is the smallest distance that 
can be safely used in clinical work; if the patient is unusually 
intelligent, it may be possible to obtain a perfect record at 0°5 cm., 
but such accuracy cannot be expected in the general run of cases. 
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With regard to the records from the little, ring and middle fingers. 
I have little doubt that the distance between the two points might have 
been considerably increased above 3 cm. without obtaining a threshold ; 
for the patient did not show the slightest power of discrimination. 
But, when they are separated for much over 3 cm., one of the compass- 
points is liable to fall over the basal phalanx, which, in some of these 
cases, may be in a more normal condition than the two terminal ones. 

' Localization or “‘ spot-finding.”’—There was distinct loss of the 
power to localize the spot stimulated, as shown by our modified Henri 
method, which avoids the fallacy of groping. Out of six tests applied 
to the palmar aspect of the right little finger, he made one erroneous 
localization, referring a touch over the middle phalanx to the middle of 
the basal phalanx. Moreover, he showed some hesitation even with 
those stimuli which were correctly localized; this was not the case on 
the little finger of the normal hand. Elsewhere, even over the affected 
hand, he was astonishingly quick and accurate. Thus we must conclude 
that the power of localizing correctly a single stimulus was somewhat 
disturbed on the right little finger, but was perfect elsewhere. 

Measured tactile stimuli (the tactile hairs)—To this test the 
palmar aspect of the thumb, index and middle fingers of both right and 
left hands gave perfect readings with a hair of 21 grm.mm.’ But 
over the ring finger of the affected hand this hair was not uniformly 
appreciated and 23 grm./mm.’? was required before a perfect record 
could be obtained. That is to say, the threshold was here slightly 
raised. 

On the right little finger the disturbance of sensibility was of a 
much grosser character, as shown by the following record :— 





R, (affected) L. (normal) 
21 grm./mm.* iiiiiiiiiiiiiiii 
21 grm./mm * oiioiiioii:: -oooioo 
23 grm./mm.’ ooioioii—oii ----- -—iii-ii 


35 grm,/mm.’ oiiiiii-iii -- -iiiii-i 
70 grm./mm.? iiii-—iii-iiiiii-iii 
21 grm./mm.? iii- ~!-- -oiii—oooi-ooo00 


21 grm./mm.? iiiiiiiiiiiiiiii 
(An i signifies that he responded to the contact of a tactile hair of a strength given 
in the left hand column. An o records an absence of reply, whilst a dotted line represents 
an hallucinatory answer. The horizontal lines correspond to pauses of 5 sec. or more, 
interpolated either after a series of hallucinations, or in order to test the possibility that the 


previous answers might ,have been hallucinatory.) 




























102 ORIGINAL ARTICLES AND CLINICAL CASES 





Here the threshold was raised to 70 grm./mm.? With all lighter 
stimuli, hallucinations and gross defects of response made their 
appearance. 

Temperature.—It is always extremely difficult in cases of cortical 
lesions to obtain a trustworthy series of temperature records ; for a large 
number of observations are necessary, comparing the behaviour of the 
two hands to the same temperature. This is impossible with a stupid 
patient and fatiguing to one who is intelligent, if it forms part of a long 
examination. In this case, therefore, I was satisfied with a careful 
exploration of the condition of the little finger of the right hand 
compared with that of the left. 

For both hands the point at which he ceased to recognize the silver 
tube as cold was 27° C., whilst the threshold for heat was 30° C., the 
external temperature being 19° C. throughout these observations. 

He made no mistakes in the relative warmth of silver tubes contain- 
ing water at 35° C. and 45° C. throughout a series of tests on both little 
fingers. 

In fact, were it not that he said, “It is never so clear on the right 
little finger as on the left,” no abnormality could have been detected. 
Here there was evidently a diminution of sensory acuity so slight that 
it could not be measured, though it was evident to the patient himself. 
This I shall call an “introspective ’’ difference. 

Prick.—There was no difference between the two hands in the 
sensitiveness to a measured prick, tested finger by finger, and intro- 
spectively the patient was not aware of any abnormal sensations. 

Weight.—The best method for testing the power of recognizing 
differences in weight in the five digits is to add and subtract leaden 
discs of the same surface area, but of different thickness. The hand is 
laid palm upwards on a pillow, in such a way that it is fully supported ; 
a cork disc of negligible weight is laid on the palmar aspect of the 
finger under examination. ‘To this, progressively heavier weights are 

added, and then removed until the cork alone remains on the finger. 
These weights are not added or removed in unbroken sequence, first 
up the scale and then down, but irregularly, and the patient is asked to 
indicate when any change occurs. He is required to say “on” or 
“ off’’ only, or, if he prefers to do so, may answer “heavier” or “lighter.” 
He is not allowed to raise the finger from its basis on the pillow so as 
to ‘‘ weigh ” the test object. 


This test applied to the two little fingers gave the following 
records :— 
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L. (normal) 











R. (affected) 





Weight added or subtracted 
















20 grm. - é No reply ee eo On 
OP as <a i On ae is On ; 
40 ,, < a On = ry Off 
a: ans wa ‘a On ot a On 
80 ,, ive or On a is On 
80 ,, 7 - No reply nai oa Off 
+ $0 ,, = ae Off a aa On 
-100 ,, a - Off wi - Off 
- 100 ,, i ‘a No reply a os Off 
° - 8 ,, o ss No reply “ < Off 
— 40 ,, - oe No reply - on Off 
ae ‘ No reply ot ee Off 
Asked if any weight He then added 
was on the hand ‘* All gone.” 






he replied that it 
was still there 






A similar series of records was obtained from the right ring finger, 
whilst from the right index he gave a perfect series of answers. 
Texture.—The test object, e.g., a piece of velvet, was passed round 
the top of each digit and then moved from side to side across the 
palmar aspect of the terminal phalanx. With the little finger of the 
left hand he recognized velvet, silk, cotton and flannel without difficulty, 
but failed entirely with the right; to each he said, “ I don’t know,” or 












“‘ T’ve no idea.” 
With the thumb and with the index finger of each hand he gave 






equally perfect answers. 
The sensory condition of the various digits of the right hand 


revealed by these tests can be summarized in the following table :-— 







Ring Middle Index Thumb 































Measured move- Gross loss | Gross loss Gross loss 5° to 10° Normal 
ment 
Vibration Gross loss | Affected Affected Slight loss Normal 
Compass-test Gross loss | Gross loss Gross loss Normal Normal 
Localization Uncertain Normal Normal Normal Normal 
Textile hairs Gross loss Raised threshold Normal Normal Normal 
Temperature Introspective | Normal Normal Normal 
Prick Normal | Normal Normal Normal 
Weight Gross loss | Gross loss Normal 


No loss No loss 





Loss 





Texture 
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CHAPTER IV.—THE FORMS ASSUMED BY DISTURBANCES OF SENSATION 
DUE TO LESIONS OF THE CORTEX. 


§ 1.—Introductory. 





Before we pass on to consider the significance of this regional dissocia- 
tion of sensibility, it will be well to summarize the conclusions which can 
be drawn from the case I have just described. . 

(1) Sensation as a whole may be aifected by a cortical lesion to a 
different degree in the various digits. In this instance, the thumb was 
normal ; but there was a steady deterioration in the sensory condition 
on passing towards the post-axial border of the hand, culminating in 
gross loss over the little finger. 

(2) A similar tendency to graduated loss of sensibility was shown in 
the records of each individual test. Thus, the patient could appreciate 
passive movement equally well on both thumbs ; but a range of 5° to 10° 
was required in the index finger, and gross loss was evident in the three 
other digits. . 

(3) Tests which appeal to fundamentally different aspects of sensa- 
tion may not be affected over the same number of digits. In the case 
already described, appreciation of passive movement was defective in 
the index, middle, ring and little fingers, whilst the tactile hairs, a 
most delicate test, revealed loss of sensibility in the ring and little 
fingers only. This dissociation, as I shall show later, can go so far 
that one form of sensibility may be grossly defective whilst another 
may show little or no change. 

(4) Even those tests which belong to the same sensory order may 
not be affected over the same number of digits. Thus, measured move- 
ment, the compass-test and “ spot-finding,” are all methods of explor- 
ing the spacial aspects of sensation. But, in the example I have 
chosen, recognition of movement was disturbed in four digits, tactile 

discrimination in three, and topical localization in one only. 

Before we can draw any general conclusions from the detailed 
examination of these cases of dissociation, it is necessary to consider 
the nature of the sensory tests on which our results are based. None 
of them were invented as a special means of exploring the defects 
produced by a lesion of the cortex, and the majority excite to activity 
both the essential organ of the optic thalamus and the cortical centres. 
If we call to mind the various aspects of sensation which depend 
on the physiological activities of jthese two cerebral end-stations, we 
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recognize that, whereas the optic thalamus deals with crude awareness 
to contact, heat, cold and pain, the sensory cortex endows these basic 
functions with spacial qualities, intensity and relativity. 

When we pass in review, according to this conception, the sensory 
tests we habitually use, it is evident that recognition of passive move- 
ment, discrimination of two compass-points and our method of testing 
localization appeal to’ those elements in cortical activity underlying 
recognition of relations in space. Thus, measurement of the angle 
through which any part of the limb must be moved, in order that 
such change in posture may be appreciated, is an exploration in three- 
dimensional space. The power of discriminating two points of the 
compasses, applied exactly at the same moment, reveals the capacity for 
recognizing two-dimensional space, whilst ‘‘ spot-finding ’’ is an exercise 
in one-dimensional localization. 

Further analysis on these lines shows that our methods for examin- 
ing sensibility to touch, temperature and pain can be combined into 
another group from the point of view of the sensory cortex. For, 
although the basic response to all these tests is due to the activity of 
the optic thalamus, the power of recognizing differences of intensity 
in the sensation evcked is a function of the cortex. All the methods 
we use presuppose that an increase in strength of the physical stimulus 
will result in a sensation of greater intensity, in some more or less 
graduated proportion; on this principle depends the determination of 
a threshold, which plays so important a part in all our sensory examina- 
tions. But one of the signs of cortical disturbance is inability to obtain 
a threshold. The answers are uncertain, even to stimuli of the 
same strength applied in an exactly similar manner, and, although a 
response may be evoked, it is not of necessity in proportion to the 
degree of stimulation. 

Of the remaining tests, weight is the only one applicable to the 
fingers which can be strictly graduated. As I have applied this test, 
it makes an appeal to another sensory faculty, the power of appreciating 
At first it might appear to be only another 


similarity and difference. 
But, if the methods 


means of gauging the recognition of intensity. 
of using the tactile hairs and graduated weights are compared, we see 
that the measure of tactility is given by the bending strain of the hair 
to which‘ the patient responds; he is touched with one hair and gives 
uncertain answers, whilst a stronger hair may evoke constant recogni- 
But, in testing with weights, one after 


tion of a series of contacts. 
another is placed on the hand, and‘he is then asked to say when a 


_ 
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difference occurs; sometimes the load is made heavier by addition, 
sometimes lighter by subtraction. When this test is carelessly carried 
out, the act of removing or replacing a weight may arouse the patient’s 
awareness and he at once responds; but he cannot tell with certainty 
whether the weight on his hand is lighter or heavier than it was, 
before he received the sensation of ‘something happening.” We are 
not dealing with his capacity to appreciate a contact of a certain 
intensity, but with his power of recognizing difference. 

Yet, even after we have grouped our tests according to the particular 
aspect of cortical sensibility, which they reveal, it is necessary to 
remember that they differ greatly in the severity of the task they 
set to the patient, and in the accuracy of the answers they demand. 
It is far more difficult to recognize a minute range of passive movement 
in one of the fingers than to indicate, within necessarily wide limits, the 
situation of the spot stimulated. Similarly, a series of perfect answers 
to the contact of graduated hairs requires a more perfect reaction to 
differences in intensity than the crude comparison which is alone 
possible with a series of pricks. 

For the sake of simplicity let us then select from each group of 
tests the one which gives the widest possible range of measured 
difference. The power of recognizing passive movement may be taken 
as the representative of the spacial aspect of sensibility; in the same 
way, the tactile hairs form the best measure for the faculty of 
appreciating graduated differences in intensity, whilst the addition 
and subtraction of weights can be taken as an indication of the ability 


to recognize similarity and difference in stimuli of the same sensory 
quality. 





Case Measured movement 


























Tactile hairs Weights 
No. 18 0 Affected (3 digits) .. | Affected (2 digits). 
No. 3 Affected (5 digits) ‘ 0 oS eee S 
No. 21 Whole hand affected .. 0 Defective. 
No. 16 i pe ‘ “r 0 Gross loss over whole 
band. 
No. 2 Affected (4 digits) -- |O (or introspectively) .. | Introspective (1 digit). 
No. 19 “ C—O .. | Slightly affected (3 digits) 0 
No. 13 - =o .. | Affected (5 digits) oe 0 
No. 22 i SS -- | Introspective (3 digits). . 0 
No. 14 - i: «2 .. Threshold raised (2 digits) 0 











The cases collected in the above table show that it is possible for 
one or more of these representative tests to remain entirely unaffected, 
although a profound disturbance of sensation may be revealed by the 
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remainder. Thus, in No. 18, recognition of passive movement was 
not affected in any of the digits in spite of a grave disturbance of 
tactility and of the power of responding to differences in weight. 
No. 3 showed no loss of tactile sensibility, and yet there was extensive 
want of appreciation of passive movement and of relative weights. 
No. 22 showed a profound loss to the tests for measured movement 
and an introspective defect to tactile stimuli, but perfectly appreciated 
the addition and subtraction of weights on all the fingers. 

It is, therefore, probable that these three aspects of sensibility are 
due to distinct physiological activities, which are not uniformly dis- 
tributed throughout the so-called sensory cortex; some are more 
intensely represented at one part, some at another. Otherwise it 
would be difficult to understand how one aspect of sensation could be 
gravely disturbed by a cortical lesion, whilst some other form escaped 
entirely; and yet in another case this relation may be completely 
reversed. 

Many attempts have been made to determine the topographical 
localization of the sensory activities of the cortex, but they have all 
failed, because the nature of its functions was unknown. So long as 
investigators continued to think of the sensory cortex as the seat of 
processes underlying the full appreciation of touch, pain, heat, and 
cold, they were bound to find the clinical facts inexplicable. But as 
soon as it was evident that crude qualitative appreciation of these 
modes of sensation was due to the activity of the optic thalamus, it 
became possible to study the phenomena of sensory loss with some hope 
of discovering the part played by the cortex. Once we had determined 
that the physiological activity of the cortex was responsible for the 
recognition of spacial relations, intensity and relativity, it became 
possible to group the physiological processes which underlie sensation. 
But, before we can formulate any coherent conception of these cortical 
activities, it will be necessary to examine in detail the manner in which 
they are affected, as shown by the various tests belonging to the same 


order of sensation. 





§ 2.—Spacial Recognition. 

Some loss of power to recognize passive movements of the affected 
part forms one of the most frequent consequences of injury to the 
sensory cortex. In fact, it may be accepted for clinical purposes as a 
leading sign in the syndrome of cortical disease. It is, however, only 


one of the methods of discovering whether the spacial aspect of sensation 
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is disturbed ; the compass-test and “spot-finding,”’ as we have employed 
them, are also explorations in spacial recognition. 

But these three tests are not equally affected by a lesion of the 
cortex. The most delicate of them and the most susceptible of change 
is the power of appreciating a measured movement made passively. 
Next in order comes discrimination of the two compass-points applied 
strictly simultaneously.’ Finally, topical localization or ‘‘ spot-finding ”’ 
is affected to the smallest degree of all the three spacial tests; for not 
only is it scientifically less precise, but the problem it presents to the 
patient is easier than with either of the other methods of research.” 

This graduated relation between the disturbance of sensibility 
revealed by the three spacial tests, is evident from whatever point of 
view the records are examined. Thus, if the injury is a slight one, the 
only loss may be in the power of appreciating passive movement. 
A somewhat more severe disturbance affects discrimination of the 
compass-points, and finally “ spot-finding ” may also be defective. 

The same law is manifest if we judge, not by the frequency with 
which any one of these three aspects of spacial recognition is affected 
over a series of cases, but by the number of digits which show disordered 
sensibility to each test in turn. Three-dimensional loss (appreciation 
of measured movement) occupies the largest number of fingers, two- 
dimensional loss is found to extend either to the same or to a smaller 
number of digits, and localization is disturbed over a still less extensive 
area. 

I have summarized in the following table the records of twelve 
cases where spacial recognition was not uniformly disturbed over the 
whole hand. The numerals correspond to the number of digits found 
to be affected to each of the three tests. It is at once obvious that 
the widest loss of sensibility is shown by the range of passive move- 
ment necessary to excite appreciation, whilst the power of discovering 
the position of the stimulated spot is least extensively affected. 


' The compass-test cannot be used to measure the power of discriminating two contacts 
in cases where tactile sensibility is grossly disturbed. It presupposes that the patient is 
capable of recognizing touches with some approach to uniformity. Throughout this chapter 


I have carefully excluded this source of error, but have postponed its more detailed 
consideration to p. 126. 


2 Our method of testing the power of topical localization also depends somewhat on the 
condition of tactile sensibility. This association has been fully investigated and described 
by Graham Brown and Stewart [1], and is considered on p. 129. 
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Case Measured movement Compass-test Localization 
No. 10 5 4 + 1 introspective 3 
No, 22 5 4 + 1 introspéctive 2 
No. 4 5 4 + 1 introspective 2 
No. 20 5 3 1 
No. 19 5 2 + 1 introspective 1 + 1 introspective 
No. 3 4 + 1 introspective y 2 
No. 7 5 1 + 1 slightly 0 
No. 1 5 2 0 
No. 17 4 3 1 
No. 2 q 1 0 
No. 12 3 2 0 
No. 14 2 2 0 





This graduated relation between the amount and the extent of the 
loss discovered by the three spacial tests comes out clearly in the 
following example (No. 3). Fortunately, tactile sensibility was not 
affected in this case, and the readings are therefore free from this 
troublesome source of fallacy. 











Measured movement Compass-test } Localization 
Thumb -. | 1°, but direction not always accurate | Perfect at 1 cm. | Perfect 
Index finger.. | Between 2° to 3°, but slow .. ia me ee Pw 
Middle finger | 2° to 3° én on in - a om 
Ring finger .. | Gross loss - ee “s -- | Gross loss at 5cm. | Slightly affected 
Little finger..| Gross loss. Cannot even recognize | All called ‘‘one’’ | Definite, but 
posture of finger at 5 cm. slight loss 





Here three-dimensional loss was so great over the little finger that 
the patient could not even recognize its position, when it had been 
moved passively into the extremes of flexion and extension. In the 
ring finger the disturbance was considerable but not so complete, whilst 
in the middle and index fingers a movement of from 2° to 3° was 
recognized slowly. The range of movement actually appreciated in 
the two thumbs was the same, but the answers from the affected hand 
were less prompt and the direction was not always indicated correctly. 

The compass-test was affected over the ring and little fingers only, 
but over the latter the loss of discrimination was absolute when the 
points were 5 cm. apart. 

Topical localization was slightly disturbed on the ring finger and 
the patient was less certain in his answers, but over the little finger 
the change was more definite. Out of five observations, he made two 
mistakes and at the same time complained that the test was more 
difficult than elsewhere over the hand. 
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Here then, both the degree of sensory change and the extent of the 
loss, measured by the number of digits affected, obeyed the law laid 
down at the beginning of this section. The earliest disturbance of 
sensibility is revealed by a test in three-dimensional recognition, whilst 
“ spot-finding ”’ is both last and least affected. 

So far, I have spoken of the extent to which recognition in space 
was disturbed as if it was determined by measurement only. This is, 
howeyer, not the case. For the first sign that any one of these 
varieties of spacial recognition is affected is the statement of the patient 
himself, that the tests are less easy on the abnormal digit. Even 
though the compass-test may give a threshold within normal limits, he 
is slower in his answers and finds greater difficulty in making up his 
mind as to whether he has been touched by one or two points. A 
similar state of uncertainty may be the first sign that localization is 
disturbed, although finally he may indicate correctly the spot touched. 
In all these instances, the change would be recorded as an “ intro- 
spective”’ one. With intelligent patients, this introspective difference 
between similar parts of the two hands is a most valuable indication 
that a change in sensibility exists, even though it is too slight to 
become apparent by our somewhat coarse methods of measurement. 

A more advanced affection is shown by a raising of the threshold ; 
there may be no difficulty in obtaining perfect appreciation of passive 
movement and of the compass-test, but the angle through which the 
affected part must be moved may be five to ten times greater than 
normal, and the two points have to be separated to a distance far in 
excess of that necessary on the unaffected hand. In such cases correct 
recognition and discrimination are possible, provided the task is made 
easier. 

The next stage of dissolution is shown by the absence of a threshold ; 
movements to the extreme distance possible in any direction may not 
be recognized. The records are marred by uncertainty, guessing and 
hallucinations. The patient may describe movements, indicating their 
direction, although the part has remained rigidly in the same position ; 
contact stimuli are particularly liable to be translated into sensations 
of movement. In the same way, the maximum separation of the 
compass-points possible over the affected part fails to lead to correct 
discrimination and the records may show uncertainty and guessing, 
even when one point only has been applied to the skin. An analogous 
tendency appears when the power of localization has been profoundly 
disturbed ; the patient not only indicates erroneously the spot touched, 
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but may give up all attempt to determine its position, saying, “I have 
no idea where you are touching me.” 

These various grades of defective recognition are well shown in 
the following case (No. 2), where all the fingers were in a different 








condition :— 








Localization 





Measured movement Compass test 









Thumb on .. | Normal (1°) — Threshold lcm. .. -- | Perfect 
Index finger... .. | Threshold raised (3° to 6”) a ta ae - - 
Middle finger <2 = », (6° to 10°) ae Bit at “s a 
Ring finger .. “. a ~ 2 te) eS Be es eae a ™ 
Little finger.. .. | Gross loss of threshold and | Threshold 1°5 em.’, with 
confusion some uncertainty of re- 






sponse 





Here there was no difference between the sensory condition of the 
two thumbs; it was as easy for him to give correct answers to the 
three tests on the affected as on the normal hand. The first change 
appeared when he attempted to describe passive movements of the 
index finger; his answers were slower and a range of from 3° to 6 
was required before he could appreciate the direction correctly. With 
the middle and ring fingers, the movement had to be made through an 
angle of from 6 to 10°, whilst in the little finger the loss was even 
For he not only required movements of from 15° to 20° before 









greater. 
he could recognize that some change of posture had occurred, but its 
direction was sometimes wrongly interpreted even at 25°. 

In spite of this extensive disturbance in the recognition of passive 
movement, the only change to the compass-test was found on the little 
finger of the affected hand. Not only was it necessary to separate the 
two points to a distance of 1°5 cm., but he gave the following account 
of his sensations in this digit. ‘‘ The thing that puzzles me on the 
little finger is that it seems like an echo. I don’t know whether it 
is two, or one with an echo. When they are close together, I can’t 
tell whether it is one point, which influences the part around, or two 
points. When they are wide apart, the second point falls outside this 
part influenced, and I know it is two.” 

Even when we consider the state of any one digit, we can 
frequently discover a similar graduated relation between the extent to 
which the ‘three spacial tests are affected. Take for example the 
sensory records from the little finger in No. 2. Recognition of passive 
movement showed the profoundest disturbance; it was impossible to 
obtain a definite threshold, even with a wide range of alteration in 
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posture, and the patient’s answers were confused. Yet the compass-test 
revealed a threshold, with the points separated to a distance of 1°5 cm., 
and localization was entirely unaffected. 

Whenever, therefore, spacial recognition is diminished as the result 
of a cortical lesion, appreciation of passive movement will be disturbed. 
Moreover, in any such case, this aspect of sensation shows the most 
extensive and also the most intense changes. 

Next in order comes two-dimensional discrimination, as shown 
by the power of recognizing the two compass-points applied 
simultaneously. 

Localization, or the capacity to determine the position of the 
stimulated spot, is affected less often, less extensively, and to a smaller 
degree than any of the other spacial tests. 

This is an excellent example of the law, laid down by Hughlings 
Jackson, that the higher and most specific aspect of any function is 
affected before the lower. Sensory disturbances associated with 
lesions of the cerebral cortex are psychical manifestations, rather than 
the result of mechanical interference with conduction of afferent 
impulses. The physiological activities, which directly underlie sensa- 
tion, are struck in the centre of their production. We have no longer 
to deal, as on lower levels, with loss of sensation caused by the cutting 
off of afferent impulses from a normal receptive centre. All such 
expressions as “joint-sense,’’ “‘ proprioceptive impulses,” “ epicritic 
and deep sensibility,” adequate terms at certain other sensory levels, 
cease entirely to have validity when we are considering the disturb- 
ances in spacial recognition associated with a cortical lesion. 

Such a lesion, when it interferes with spacial recognition, first 
disturbs that function which is psychically most difficult, and then in 
order those of less complexity. We are so near the psychical act of 
sensation that we must now classify disturbances of sensibility under 
categories we can recognize introspectively, and we are not compelled 
to group them according to their local origin, phylogenetic qualities, or 
physiological history, as was the case with lesions at lower levels of the 
nervous system. 


§ 3.—Intensity. 


Touch, pain, heat, and cold form a natural group .with certain 
features in common. Each of these aspects of sensation depends on 
the action of measurable physical stimuli; the impulses generated are 
specific and, on the physiological levels of the nervous system, they 
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are gathered together into separate afferent streams, which can be 
interrupted independently of one another. 

But a cortical lesion never completely abolishes sensibility to touch, 
pain, heat, or cold. Even when the whole sensory cortex is thrown out 
of action, contact, especially of an object moving over hair-clad parts, 
may produce a definite tactile response. Under such conditions, 
contact-stimuli produce a vague sensation of “something happening’ 
within the body, without immediate appreejation of variations in 
intensity. In the same way, heat and cold may be correctly dis- 
criminated, although the patient cannot recognize differences in the 
degree of thermal stimulation. The sensation evoked by a prick may 
not seem so “sharp” or so “clear” as over normal parts, but the 
discomfort it produces may be greatly increased. 

The power of recognizing contact, especially of a moving object, and 
appreciation of the qualitative aspects of thermal and painful stimuli, 
are functions of the optic thalamus; the activity of the cortex endows 
us with the capacity to estimate the relative intensity of such stimuli. 
It is obvious, therefore, that all these forms of . sensibility must be 
affected in a similar way by a cortical lesion. Their qualitative appre- 
ciation is already provided for elsewhere; but the clarity and definite- 
ness of the sensation and the stability of the response to repeated 
stimuli are a function of cortical activity. 

Now, from the cortical aspect our tests for measuring sensibility to 
touch, temperature, and pain are not of equivalent value. The tactile 
hairs demand a high degree of constancy and graduated response to 
stimulation; this test, therefore, shows the greatest change amongst 
the group we are now considering. 

Appreciation of heat and cold, as we are forced to examine it 
clinically, depends comparatively little on cortical activity. For, whilst 
it is easy to say whether an object is hot or cold, it requires an 
intelligent patient and unusually favourable conditions to test the 
relation of two warm stimuli to one another, or to determine the 
threshold for heat and cold with approximate accuracy. 

These difficulties are multiplied a hundredfold in the case of pain. 
A prick is the only effective means of applying a measurable painful 
stimulus to the skin, and any sharp object, such as a needle, produces 
first of ‘all a recognition that the stimulus is pointed; further pressure 
adds to this a sensation of pain. It is almost impossible to prevent 
the patient from saying that he is pricked, whenever he appreciates that 
the stimulus is a sharp point, and, if he is told to wait until he obtains 
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a distinct sensation of pain, we run the risk of placing the threshold 
too high. In the vast majority of cortical disturbances, the threshold 
for prick is the same on the two sides. But in rare instances it would 
seem as if the threshold were raised somewhat over the affected parts, 
and the patient complains that the “feeling”’ is different. How far 
this is due to a profound change, not uncommonly present, in the 
sensation produced by the point apart from pain, and how far it may 
be caused by a slight raising of the pain-threshold, is dealt with in 
Chapter VI [p. 140]. Whatever the true significance of this pheno- 
menon, appreciation of a prick is affected less often than any other 
form of sensation. 

Whenever the power to appreciate touch, pain, heat, or cold is 
disturbed, in consequence of a cortical lesion, measurements with hairs 
of graduated strength invariably reveal some loss of tactile sensibility. 
Out of eleven cases, where one or more of these qualities of sensation 
showed some defect on the hand, tactile appreciation was disturbed in 
all; five showed some loss of thermal sensibility, whilst measured prick 
was defective in one case only. 

If these eleven cases are gathered together to form a table, it will 
be seen not only that tactile sensibility is most often affected, but the 
loss is invariably greater in amount than that of either of the two 
other forms. Similarly the defects shown by the thernial tests are 
greater than those which appear in the records of measured prick. 


Tactile hairs Therma! tests 





Affected .. Threshold raised 


No. 10 he " “s wl a oe id .. | Normal 
No. 17 are ak ae .. Introspective -— a 
No. 4 wi am - ee va as o< oa 
No. 18 .. | Slightly affected ’ 





No. 14 Threshold raised p .. Normal 





” 







99 





” 


No. 1 Threshold slightly raised 


” 


? 
” “- “* * ” 
” ** ** - ” 


” ” ” “* * *. ” 









A similar relation is evident, if we judge by the number of digits 
affected in each particular instance. The following table shows that 
the extent of the loss to graduated tactile stimuli exceeds, or is as great 
as, that of any other form of sensibility belonging to this group. Next 
in order comes the number of fingers which exhibit some lack of 
thermal appreciation, whilst in most cases prick is not affected anywhere. 
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Thermal tests Prick 





Tactile hairs 





Case 
| 


No. 5 15 .. _ - -. | 2+ 2introspective .. 3 
EIN ae ae saa) ee i oad encase > Mag 0 
No. 13 5thresholdslightly raised|0 .. os oe os 0 
No. 4 3+ 2introspective ..| 3 introspective .. oe 0 
No. 20 1+4 ts oh | yee Be re a 0 
No. 17 Bes - | Lintrospective .. ee 0 
No, 14 2 -|0 0 
No. 1 $ .. es si 0 0 
No. 12 1 + 1 introspective 0 0 

1+1 = 0 0 


No. 7 





In all attempts to record the amount or the extent to which these 
forms of sensibility are affected we cannot depend entirely on measure- 
ment. Introspective differences, irregularity of response and hallucina- 
tions must all be carefully taken into account. 

It is more particularly in this group of tests, dealing with response 
to stimuli of different intensity, that introspection is of the greatest 
value. The patient insists that the impression he receives is “less 
plain,” “‘ less certain,” over affected parts; the threshold may be slightly 
raised only, or it may be impossible to say that there is any measurable 
difference between similar parts of the normal and affected hands, and 
yet he insists “‘ the two hands are different.” “It is harder for me on 
the affected hand; I can’t be certain that I am right, but it’s easy 
enough on the normal hand.” 

No. 2 was a splendid example of this degree of sensory affection. 
For, as far as touch, temperature and pain were concerned, the little 
finger showed a disturbance of sensibility which, though not apparent 
to our rough tests, was obvious to the patient. He gave a perfect series 
of answers on the right and left little fingers even with a hair of 
14 grm./mm.*, but the response was slower from the right than from 
the left. He said, ‘‘ The first two or three touches were fairly clear ; 
then it seemed to become more difficult and I wasn’t so certain. I was 
doing it with an effort on the affected hand (right) instead of not think- 
ing about it.” With the same hair on the two thumbs he said, “‘ That 
is quite easy; there is no effort on either side.” 

The threshold for the appreciation of heat and cold did not differ 
materially on the two little fingers; but he asserted that the impres- 
sion he received was not the same. “There is a difference in the left 
hand (normal); it is immediate, whilst in the right it seems to change 
gradually. The ultimate sensation is the same, but it is quicker in the 


jeft hand.”’ 
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On testing this patient with measured pricks, it was difficult to be 

certain whether the threshold was raised or not; but he never doubted 
for a moment that he received a different impression from the two little 
fingers, whilst the sensation evoked from the two ring fingers by the 
same stimulus was identical. If the algesimeter was set at 3°5 grm., 
it was said to “prick” on both little fingers; on the affected hand, 
however, it was “not so plain” as on the normal one. 

Here, then, is an instance where, as far as the intensity of tactile, 
thermal and painful stimuli is concerned, no measurable abnormality 
could be discovered: and yet, in every case, the patient was certain 
that the sensation from the two hands was different. 

When sensation is more gravely disturbed, the threshold rises over 
the affected part; it may still be possible to obtain a perfect series of 
answers, but a stronger stimulus is required. The normal hand may 
respond perfectly to a hair of 14 grm./mm.°, whilst imperfect records 
may be obtained on a similar part of the other hand, until we employ a 
hair of considerably greater strength. In such cases, the patient is 
usually conscious that the sensation evoked is different, and hallucina- 
tions are liable to appear, especially if the testing has continued for an 
unduly long period. In the same way, although crude recognition of 
heat and cold may show no confusion, the patient may not be able to 
appreciate heat below about 35° C., or cold above about 26° C., whereas 
on normal parts the thresholds are respectively about 30° C. and 28° C. 

In many cases, a further stage is reached in sensory dissolution. 
No threshold can then be obtained by increasing the stimulus within 
certain limits. Normally a hair of 14 grm./mm.’, or at any rate one of 
21 grm./mm.’ evokes a perfect series of answers from the palmar 
aspects of the tips of the fingers. When, however, we speak of the 
threshold as unobtainable, we mean that even a hair of 100 grm./mm.’ 
does not necessarily or materially increase the accuracy of response. 
It is not safe to employ hairs of greater bending strain, as they are 
liable to produce a sensation of pricking; even those between 70 or 
80 grm./mm.’ may occasionally seem to prick, over the tips of the 
fingers. 

With the disappearance of a threshold, hallucinations frequently 
mar the records; the patient responds when he has not been stimulated, 
and often insists that the hair has not been removed, but still presses 
on the surface. At other times, it seems to him, as if the hair was 
being dragged along the skin, instead of being applied to one spot and 
then removed. This translation of contact into a sensation of move- 
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ment is one of the most striking consequences of some disturbance in 






the sensory cortex. 
Case 5 was an excellent example of such changes in the appreciation 


of touch, heat, cold and pain. 











rhermal! tests 





Tactile hairs 








Index finger... | Threshold destroyed; 23 and 100/| No certain appreciation|8 grm. or 
grm./mm.? gave the same number | between about 26° and| more 
of correct answers. Irregular re-; 40°C. 
sponse. Contact thought to be 
movement across the surface 
Middle finger | Threshold raised 23 grm./mm.?_ .. | Unable to distinguish | 8 grm. 
35° and 40° C. 
Ring finger .. mm ~~ am ss .. | Threshold for cold 27°C.,|8 ,, 
for heat 34° C. 
Little finger.. Much _ introspective difference ; | Introspective changeonly | 4grm.; same 
threshold slightly raised as normal 
little finger 











On the normal hand, the threshold for measured touch was in every 
case below 21 grm./mm.’; that is to say, that with a hair of this 
bending strain, a uniform series of replies could be obtained from all 
his digits. With an external temperature of 18° C., it was found that 
the threshold for heat, on the fingers of the normal hand, was about 
30° C., that for cold was about 27° C. He had no difficulty in 
recognizing the difference between a silver tube containing water at 
35° C., and one at 40° C., presented in different order and irregular 
sequence. Prick was distinctly appreciated on all the normal fingers, 
when our spring algesimeter registered 4 grm. 

Let us examine more in detail the condition of the index finger of 
the affected hand, as compared with that of the normal side. 

A series of observations with the tactile ‘hairs, carried out in the 
usual way, yielded the following readings. Each unit represents 
appreciation of a contact of measured force indicated in grm./mm.”’, 
whilst a nought signified that the touch was not perceived. It is 
evident that no true threshold could be obtained to touches of this 
order, for the number of correct answers with a hair of 23 grm./mm.? 
is the same as that to a hair of more than four times the bending 
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This bald record, however, gives an incomplete idea of the sensory 
disturbance. The patient said, ‘‘On the left (normal) side I felt as if 
you were putting on and taking off a fine wire point. On the right 
hand, it was exactly as if a mosquito drew its leg along the surface. 
I never felt a distinct pressing on. Sometimes I felt it vaguely as if 
it was still there, and I wanted you to press it and take it away again, 
so that I might be certain if it was there or not.” 

On the affected index finger, he could not appreciate heat or cold 
with certainty between about 26° C. and 40° C., whereas on a bright 
spring-like day, the temperature of the room being 18° C., the 
indeterminate zone lay between about 26° C. and 30° C. over the 
normal hand. 

This extension of the indeterminate zone on the affected hand is one 
of the characteristic features of thermal sensibility, when it is disturbed 
from a lesion of the cortex. An even more striking defect is inability 
to distinguish two stimuli oi the same thermal quality but of different 


intensity. I have seldom examined a more complete example of this 
defect. 


—eee=cz eVm——O—eVOVVCVO7<O—eSVO———VOeeVOV—e_e 


| 











Index finger R. (affected) | L. (normal) 
Compared— | 
35° and 40° C. | ‘‘ No difference ” sin ia oi ‘The second was much hotter ” 


40° and 35° C. | “ No difference ”’ 


. | “ The first was hotter ”’ 
85° and 40° C 


| ** No difference ” ‘“*The second was hotter” 








35° and 45° C. | “‘ Both hot; the last hotter” ‘<The last was hotter” 


45° and 35° C. | ** No difference” .. . .. | The first was hotter” 

35° and 45° C. | ‘* No difference ” . | ** The last was hotter ”’ 

45° and 35° C. | “ First hotter; the second was cold, ‘‘ The first was hotter ” 

or nearly so " 

25° and 20° C. | ‘* Cold ; no difference ” .. | “ Neutral and cold” 

20° and 25° C. | ‘* The same ; §ust about cold” .. | “Cold and neutral ”’ 

25° and 20° C. | ‘‘ The same ; they are not neutral” | ‘‘On the cold side and distinctly 

cold ” 
20° and 25° C. | ** Both are ice cold”’.. on -- | * First much colder; the second 


| 


just on the cold side of neutral” 


When tested with the warm and cold tubes, he said: ‘‘ There is a 
great difference between the two fingers; the right never changes its 
mind, whereas with the left (normal) the temperature seems to grow 
upon it; with hot I feel it growing hotter, until it reaches a certain 
stage and then stops. Cold does the same thing. I was baffled on the 
right hand; I don’t know how to describe it. It sometimes seemed ice- 
cold and sometimes nothing at all; but there was never any difference 
between the two tubes.’”’ He was first tested with the cold tubes on 
the affected hand, and as soon as the change was made to the normal 
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hand, he burst into laughter saying, “I could not have believed that 
the difference could be so great. Here I never had a moment's doubt ; 
the first was just off tepid and the second was colder still, or vice versa 
as the case might be.” 

To prick, the threshold was decidedly raised and although 4 grm. 
was sufficient on the normal index finger to evoke the sensation of 
pricking, 8 grm. or more was required on the right hand. Moreover, 
he said, “‘I feel it more on the left hand; it is quite soft on the 
right.” 

Thus, we can sum up the results reached in this section as 
follows :— 

(1) Sensibility to touch, heat, cold and pain is never abolished as 
the result of a true cortical lesion, provided the period of shock has 
passed off and epileptiform attacks are absent. 

(2) Sensibility may, however, be profoundly modified. This change 
shows itself first in the patient’s introspective recognition that the 
sensation obtained from the normal and affected parts is not similar 
Next, this difference may become manifest in a raised threshold. A still 
graver disturbance is shown by inability to obtain a threshold within 
reasonable limits; such records are liable to be disturbed by halluci- 
nations and other irregularities of response. At this stage of dissolution, 
the patient may not be able to appreciate with certainty temperatures 
between about 26° C. and 40° C., nor to discriminate between two hot 
or two cold stimuli, easily recognizable on the normal hand. 

(3) Whenever the graduated tests for touch, heat, cold or prick 
demonstrate that sensibility is changed, the tactile hairs always discover 
the gravest disturbance, heat and cold are less and prick least affected. 
By this I mean, not only that the loss is more intense over any one 
part, but also that it extends to a larger number of digits on the hand. 

(4) This is probably due in part to the more delicate and complex 
appreciation required by the test of the tactile hairs, compared with the 
crudity of those we can apply clinically for heat, cold and especially for 
prick. But it also depends on the relative extent to which these stimuli 
appeal to the activity of the optic thalamus. A prick, as far as its 
painful element is concerned, depends for recognition almost entirely 
on this organ, whilst the “ pointedness,” “‘ clearness,” ‘‘ sharpness ”’ are 
the result of cortical activity. On the other hand, the graduated hairs 
require for their appreciation a reaction to different intensities ; this 
reaction must be constant and correspond relatively to the strength of 
stimulation. When once the maximum threshold has been exceeded, 


‘ “e 
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the answers must be free from gross irregularities. All these factors in 
contact-sensibility depend on the sensory cortex and are therefore mos 
disturbed in consequence of such lesions as I have dealt with in this 
paper. 

(5) All these changes in sensibility can be grouped together under 
the heading of defective appreciation of intensity: for, at bottom, they 
depend on an inconstant reaction to graduated stimuli. This tends to 
produce that characteristic confusion and want of definition, which are 
manifest throughout the records of touch, pain, heat and cold in many 
cases of cortical injury. 


§ 4.—Recognition of Similarity and Difference. 


Appreciation of the shape, relative size, and nature of common 
objects is frequently disturbed in cases of cortical lesion, and has been 
erected into one function under the name “ stereognosis.” But this 
term is a bad one, because it applies strictly to recognition of form only ; 
it cannot possibly be made to include the relative appreciation of 
weights, the most easily measurable member of this group of tests. 
Nor can it comprise the many other means of examining the patient’s 
‘power of recognizing the similarity or difference of two objects placed 
in the hand, all of which may be more or less simultaneously affected 
by a lesion of the cerebral cortex. 

When we were dealing with the consequences of destruction at 
subcortical levels of the nervous system, the success or failure of all 
the tests of this group depended on more than one stream of impulses ; 
the patient might fail if the test was carried out in one way, but make 
a good record by another procedure. Thus, when the interference with 
conduction is subcortical, the power of appreciating differences in 
weight depends on two separate streams of afferent impulses, one 
concerned with tactile impressions, and the other with recognition of 
passive movements. If the hand is fully supported, addition and 
removal of weights can be correctly appreciated only when tactile 
sensibility is perfect; subcortically, this test is another method of 
discovering whether touch is or is not affected. When, however, 
the hand moves freely in space, and the patient is told to “ weigh” 
the objects placed upon the palm, his power of estimating weight 
depends on the integrity of spacial recognition. It is, in fact, another 
indirect test for appreciation of movement. 

As soon, however, as we come to deal with disturbances of cortical 
origin, we are face to face, not with an interference with conduction to 











SENSATION AND THE CEREBRAL CORTEX 121 


















an intact centre, but with destruction of the activities of that centre 
itself. The power of estimating weights is now a primary, and not a 
secondary function; and, if it is disturbed by a cortical lesion, all 
aspects of the tests are more or less affected. 

The power of appreciating differences in weight is no longer linked 
up directly with postural recognition, or with tactile sensibility. These 
functions may be entirely dissociated. Thus, in No. 18, measured 
movement was in no way defective, and tactile sensibility was disturbed 
to a scarcely perceptible degree, and yet the power of appreciating 
differences of weight was gravely affected. Conversely, in No. 13, the 
patient was able to discriminate differences in weight, and yet recog- 
nition of movement and tactile sensibility were considerably disturbed. 

Again, it may happen that perfect appreciation of graduated contacts 
is accompanied by loss of power to estimate weight. In two cases 
(No. 16 and No. 21), where this condition was present over the whole 
of the affected hand, it was associated with inability to recognize 
passive movement in all five digits. At first sight it might be supposed 
that the two lost functions were bound up together, were it not for 
another group of cases [ Nos. 13, 19, 22], where the records of measured 
movement showed the grossest defects, but the relation between two 
weights could be correctly appreciated. 

Thus it is evident that the power to recognize differences of weight 
is a function of the cortex, independent of tactile sensibility, or of the 
appreciation of measured movement and posture of the affected parts. 
At all levels of the nervous system below the cortex, discrimination of 
weights depends on the manner in which the test is applied. If tactile 
sensibility is diminished, the patient is no longer able to recognize the 
relation of two weights placed on the hand when fully supported, 
whereas a proper appreciation of movement is required for the due 
recognition of weights laid on a hand that is moving freely in space. 
But, from the point of view of cortical activity, discrimination of weight 
is a function independent of either ‘postural or tactile recognition. 

The faculty of recognizing the shape of objects placed in the hand 
is a closely allied function, as far as the sensory activities of the cortex 
are concerned. But, whereas graduated weights can be applied to each 
separate finger, it is impossible to use the tests for appreciating shape 
in this way. In order to prove that these tests fall into the same 
sensory group as those for weight, from the point of view of cortical 
activity, we are compelled to fall back upon cases where, at any rate, a 
considerable part of the palm is affected as well as the digits. The 
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patient is then allowed to roll the solid objects of different shape 
between the fingers and the palm. 

On running through the records of my series of cases, it is at once 
apparent that recognition of form in three-dimensions rises and falls 
part passu with the power of appreciating the relation of two weights ; 
when the one aspect of sensory discrimination is disturbed, the other is 
also affected. Thus, No. 18 had lost all power to recognize the shape of 
solid objects rolled between his thumb, index, and palm, and could not 
recognize addition or subtraction of weights, although appreciation of 
passive movement was not affected, and the tactile threshold was’ but 
slightly raised. Conversely, in No. 14, recognition of form and weight 
was perfect, although the power of appreciating measured movement 
and the tactile hairs was obviously defective. 

Throughout this research, I have used wooden figures cut to scale, 
and of six different geometrical shapes. Their size was such that they 
could be easily recognized in the normal hand, if the patient were 
sensitive and intelligent, even when rolled over the palmar aspect of 
the fingers. 

It is unfortunately impossible, clinically, to use several sets of solid 
figures of different sizes in order to test appreciation of form; for the 
time required to make so long a series of observations would be too 
great, and in most cases they would end in confusion on the part of 
the patient; this must be avoided even at the cost of reducing the 
measurable aspect of the test. Should this faculty of recognizing the 
form of objects be diminished, but not entirely lost, our method does 
not enable us to work out a threshold, as was the case with weights ; 
the results are purely relative, and cannot be expressed numerically. 
But when the disturbance is extreme, the patient not only says he has 
no idea of the form of the geometrical figures we habitually use, but 
he may also fail to recognize the shape and nature of common objects 
such as a knife, coin, or pencil placed in his hand. This is the well- 
known condition usually called “ astereognosis.”’ 

The power of recognizing stuffs by their difference in texture also 
belongs primarily to this group; it is closely associated with ability to 
appreciate differences in weight and form. But this aspect of the test 
presupposes perfect tactile sensibility.. If touch is vague and uncertain, 
it is obvious that the patient will not be able to recognize the character- 
istics of the stuff beneath his fingers as readily as with the normal hand, 
and so will fall into mistakes that have nothing to do with the power of 
appreciating similarity or difference. The relation of this test to those 
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for the recognition of weight and form can only be established in cases 
where tactile sensibility is perfect. 

Fortunately I have examined one such instance of this dissociation 
in an extreme form (No. 16). Touch was nowhere disturbed, but the 
patient was unable to distinguish velvet, silk, flannel or cotton any- 
where over the affected hand. He had also lost the power of 
recognizing differences in weight, whether the hand was supported or 
free to move, and had no idea of the shape even of common objects 
placed in the palm. Thus, provided tactile sensibility is normal, it is 
possible to show that the recognition of differences in weight, form and 
texture is the expression of one aspect of cortical activity. 

A striking example of this law is seen in the case of No. 3, where 
all the digits were not in the same condition (vide table). Tactile 
sensibility was everywhere normal, but the three tests, weight, form 
and texture, showed considerable loss over the little, ring and middle 
fingers. Appreciation of measured movement was disturbed to a greater 
or less extent over the whole hand. 


















Weight Texture Form Tactile hairs Measured movement 








Thumb .. | Perfect ..| Perfect .. - Perfect .. | Introspective (1° per- 
fectly) 

Index i “ si os .. |Normal a ws .. | Affected (2°—3°) 

Middle .. | Defective .. | Defective... i a hea oa »»  (2°—8°) 

Ring .. | Gross loss Gross loss | Complete loss oa ee »» (3° badly) 


(not under 5°) 


Little we —— on é od a ss - a 


The tests we have considered in this section show that the power 
of discriminating differences in external objects, apart from the intensity 
or spacial attributes of the sensations they evoke, is a fundamental 
function. It is not secondary to the due appreciation of some other 
sensory quality, such as touch or spacial projection. This is strictly 
true of the discrimination of weight and form, but full recognition of 
differences of texture is only possible, when tactile sensibility is also 
unaffected. 

All these tests, the weights, the different shapes in three dimensions 
and stuffs of various textures, demand the same power of discrimi- 
nation. Some offer a more difficult task than others, but they do not 
stand to one another in a graduated scale of difficulty like the three 
tests for spacial recognition, or the tactile, thermal and painful stimuli 
we have employed in this work. In cases where they can all be 
employed in consequence of the whole hand being affected, they are 
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usually found to fail together. Tests capable of measurement, such 
as those for weight, obviously reveal a slighter degree of change than 
those which consist in the recognition of certain fixed shapes or 
textures; for, in this latter group, the patient has simply to appreciate 
the nature of an object whose character cannot be varied. 

In conclusion, there can be little doubt that the faculty of recognizing 
the similarity and differences of objects brought into contact with the 
body depends upon one of the fundamental activities of the sensory 
cortex. It can be disturbed apart from the power of appreciating 
spacial relations and independently of the reaction to stimuli of varied 
intensity, or it may be preserved, when these two functions are grossly 
defective. 


§ 5.—Analysis of the Tests which depend upon more than one of these 
three Cortical Activities. 


So far, I have treated each of these sensory tests as if it. made a 
specific appeal to one of the three aspects of cortical activity. This is 
manifestly an incomplete statement of the case. For, if the physio- 
logical workings of the cortex endow sensibility with relations in space, 
intensity, and individual character, it is obvious that these functions 
will be exercised on all afferent materials presented to its action. 

There are but few tests which do not depend in some way on the 
appreciation of contact, and wherever tactility comes into action the 
question of its spacial relations, intensity or characteristics must of 
necessity arise. But, in the preceding sections of this chapter, I have 
attempted so to select my instances that the particular test in question 
shall give, as far as possible, an uncomplicated answer. Thus, when 
discussing spacial sensibility, I have chosen cases where the power of 
appreciating graduated intensity was little affected. In the same way, 
the capacity to recognize various stuffs by their texture was treated, as 
if the condition of tactile sensibility played no part in the test. 

It was necessary to adopt this deliberately partial standpoint in 
order to elucidate the nature of the sensory activity of the cortex. For 
it is obvious that the simultaneous compass-test depends on the 
integrity of tactile sensibility; at lower levels of the nervous system it 
is often impossible to apply this test, because the patient cannot 
appreciate any tactile stimulus, however intense. Even with a less 
complete interference, the impression made by contact may be so feeble 
that the patient does not receive the afferent materials necessary for 
discrimination. Under such conditions the compass-records would 
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show little more than the effect of the loss of touch. But we have many 
better methods for measuring defects in tactile sensibility, and the true 
value of the compass-test lies in the fact that it is the best means at 
our disposal for exploring two-dimensional discrimination 

By careful selection of cases it is possible to find specific instances 
where each of the tests we have used exhibits the changes in one only 
of the cortical activities on which it depends. But, from the point of 
view of the general facts presented by cerebral lesions, such exclusion 
is wasteful and inconvenient. It behoves us, therefore, to discover, if 
possible, some peculiar feature of the records of each of these tests 
which will reveal the particular activity at fault. In many cases two 
or even three of these activities may be defective ; here the records will 
show the profoundest changes, but they are useless for that analysis 
upon which we are intent in the present section. 

In a recent paper, Graham Brown and Stewart [1] put forward 
their views on disturbances of localization and discrimination in cases 
of cerebral lesions; their results were based on a long series of 
observations mainly on one patient, but the conclusions to which they 
arrived are of the greatest interest. They believe that a sensation of 
touch has three attributes—its character, individuality and position. 
Every sensory effect produced by a touch must evoke a state different 
from that conditioned by all other tactile stimuli; this is its 
“character.” But each sensation of touch must resemble all those 
arising from stimulation of the same spot, and this is what they call its 
individuality.” But, apart from this individual similarity to others 
that have preceded it, a touch has definite “‘ position.’”” The two 
authors then analyse along these lines their ‘experiments on topical 
localization and discrimination of the compass-points. 

My observations are not extensive enough, and the tests I have 
used are relatively too coarse, to permit any criticism of their results. 
My method of attacking the problem differs from that by which they 
reached their results. I have attempted, by ranging widely over a 
number of suitably selected cases, to discover conditions where the 
various factors in cortical activity were dissociated ; thus I have been 
able to observe the behaviour of the patient under simultaneous appli- 
cation of the, compass-points, when other spacial tests were affected, but 
tactile sensibility was perfect. Conversely, these results were compared 
with the compass-records obtained when spacial recognition was normal, 
but there was grave want of response to tests of graduated intensity. 
In this way, certain general rules have emerged, which I shall proceed 
to consider more in detail under the heading of each separate test. 
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(a) The compass-test—This test above all others is liable to be 
disturbed by inequalities of tactile appreciation. It is essentially a 
measure of the power of discriminating two points applied simul- 
taneously. If, however, the two contacts evoke sensations of different 
and inconstant intensity, in spite of the most careful application, the 
patient will have difficulty in making up his mind as to whether he has 
been touched with one or two points, and yet from other tests it may 
be unlikely that the spacial aspect of sensation is disturbed. 

From the records of selected instances, where in the one case 
spacial recognition was affected, but tactile sensibility was perfect, and 
in the other the condition was reversed, I think it is possible to 
enunciate the following general rule. So long as the power of reacting 
uniformly to touches of graduated intensity is not impaired, defects in 
two-dimensional discrimination show themselves in a tendency to speak 
of both single and double contacts with the compass-points as “‘ one.” 
Thus, according to the method we use for recording the results of this 
test, errors will be plentiful in the lower line, because many “ twos ”’ 
are called “‘ one,”’ whilst the upper,line will be almost clear, because 
there is an habitual tendency to call all contacts “ one.” 

On the contrary, if the appreciation of tactile stimuli is inconstant, 
as shown by the answers obtained to the tactile hairs, the compass- 
records will have a different appearance, provided spacial recognition 
is not affected. Just as many errors may appear in the upper as in 
the lower line; one contact is called ‘‘ two,” and two are said to be 
“‘one”’ with almost equal frequency. Moreover, a considerable increase 
in the distance between the points may make little difference in the 
number and proportion of these mistaken answers. 

Let us first of all consider the case where the appreciation of tactile 
intensity was not disturbed. No. 3 is a good example of such a condi- 
tion. The left hand was alone affected and all five digits showed some 
want of recognition of passive movement. Tactile sensibility was, 
however, remarkably good ; a hair of 21 grm./mm.* gave perfect records 
over the palmar aspect of all the terminal phalanges and the patient 

could discover no difference in the sensation evoked from the two 
hands. It was obvious, therefore, that if discrimination of the compass- 
points was defective the disturbance must have been mainly due to want 
of spacial recognition in two dimensions. The compass-records were 
perfect over the thumb, index, and middle fingers; but over both ring 
and little fingers every application, whether of one or two points, 
was called “‘ one,” even when they were separated by a distance of 5 cm. 
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Moreover, the patient added, ‘‘I feel the pressure but I can’t be certain 
that it istwo. It doesn’t feel like it does on the other fingers.” 

The progressively increasing disturbance of the compass-records over 
the little, ring and middle fingers in No. 22 is another striking example 
of the loss of two-dimensional discrimination. All the digits reacted 
constantly to a hair of 21 grm. mm.’, as on the normal hand; the only 
change on the middle and ring fingers was an introspective one, and 
even this abnormality was absent from the little finger. Here the two 
hands reacted alike to a hair of this bending strain. The records of 
the compass-test worked out as follows on the three fingers :— 


Little finger— 
1 | 10 Right. O Wrong 


O5cm. ~“2'-7 Right. 3 Wrong 
1; 10 Right. O Wrong 

1 cm. ~2 | 10 Right. O Wrong 

Ring finger- 

2 cm. All called “one” 

— 1) 10 Right. 0 Wrong 
2| 7 Right. 3 Wrong 
1| 10 Right. O Wrong 

+ om. 2 10 Right. O Wrong 

Middle finger ; 

3 cm. All called ‘‘one”’ 

1 10 Right. O Wrong 

‘- “TTS Right. 8 Wrong 
1 10 Right. 0 Wrong 

ae 2. 3 Right. 7 Wrong 





Here we see a steadily increasing tendency to call all the contacts 
*‘one”’ at wider distances, as we pass from finger to finger towards the 
centre of the disturbance. 

The account obtained from intelligent patients confirms the conclu- 
sions drawn from examining the records. They complain that they 
cannot feel the difference between one and two points. “I don’t feel 
two as I do on the other fingers,” said one of them in whom tactile 
sensibility was little, if at all, disturbed. “I have to stop and think 
how big the feeling is; sometimes it seems over a larger area, and 
then I say ‘two.’ I don’t really know at all.’ This is the secret of this 
form of change: it is an “‘agnosia’’ of greater or less intensity. 

When, on the contrary, the records of the compass-test are disturbed 
by a defective and inconstant reaction to graduated tactile stimuli, the 
records exhibit a constant confusion. As many single touches may be 
said to be “two” as double contacts are recorded as “one.” For 
example, in No. 18, passive movements were perfectly appreciated in 
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all the digits, but the compass-test yielded defective records over the 
thumb, index, and middle fingers. This coincided exactly with the 
extent of the disturbance of tactile sensibility; for, over the thumb, he 
did not give a perfect series of answers with any hairs of less bending 
strain than 35 grm./mm.”, whilst over the index finger even 100 grm./mm.” 
yielded a series in which he failed to appreciate six out of sixteen 
consecutive contacts. Over the middle finger, the condition was some- 
what better, and he responded to 23 grm./mm.*, which is still consider- 
ably above the pressure to which he reacted well on the similar digit 
of the normal hand. 

Bearing in mind this defective reaction to contacts and the com- 
plete absence of any loss of spacial recognition, the following compass- 
records form a pronounced contrast to those given in detail above. 
Thumb— 

lcm. All called ‘‘one” 


1 6 Right. 4 Wrong 


3cm. 36 Right. 4 Wrong 


Index finger— 


1); 5 Right. 5 Wrong 
1 om. 2\ 4 Right. 6 Wrong 
1; 4 Right. 6 Wrong 
5 om. 2/8 Right. 2 Wrong 
Middle finger— 
1\7 Right. 3 Wrong 
1 om. 2/6 Right. 4 Wrong 
1| 6 Right. 4 Wrong 
5 om. 7| 6 Right. 4 Wrong 


Ring finger— 
lem. Perfect record 


No. 15 gave a striking demonstration of the same sort of defect. 











By a remarkable chance, a wound of the vertex had disturbed the 
power of recognizing passive movement in the left foot, and here also 
two-dimensional discrimination was somewhat defective. Touch was 
in every way normal. Conversely, over the right foot tactile sensibility 
was grossly affected, but passive movements were perfectly appreciated. 
The contrast between the compass-records on the two feet is most 
instructive. 





Right Sole (tactile loss) Left Sole (spacial loss) 
1; 6 Right. 4 Wrong 1| 10 Right. O Wrong 
3 om. 2\ 5 Right. 5 Wrong S om. 2/| 6 Right. 4 Wrong 
oe 1) 6 Right. 4 Wrong rem 1| 10 Right. 0 Wrong 
* 2| 5 Right. 5 Wrong * 2| 9 Right. 1 Wrong 
1 7 Right. 3 Wrong 
6em. 5\-7 Right. 6 Wrong 
1; 10 Right. O Wrong 
10 om. -¢ | 10 Right. O Wrong 
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The patient complained that on the right sole he found great diffi- 
culty, “because they all seem to run into one another. The touch 
seems to linger on here; it is difficult to find out, if it is the one you 
put on last, or if it is two together.”’ 

Here a slight defect in two-dimensional discrimination on the left 
foot led to some double contacts being mistaken for single ones, whilst 
on the right sole the tactile loss resulted in confusion, evident in the 
records both of one and of two touches. 

(b) Topical localization (“ spot-finding’’)—The method we have 
used for testing the power of one-dimensional localization is a compara- 
tively coarse test, and allows a considerable margin of possible error. 
Moreover, the results cannot be expressed numerically. The patient is 
told that he will be touched over the various digits between the joints 
and that he is to indicate the exact spot on the hand of an assistant. 
The normal hand is first tested, so that he may understand what is 
‘required of him. This also enables us to judge of his natural aptitude 
and trustworthiness, before undertaking exploration of the affected 
parts. Any answer that lies over the correct phalanx is recorded as a 
successful response, and thus the margin of error may be nearly a 
centimetre distal or proximal to the spot actually touched. 

Then, too, in contrast with the long series of experiments of 
Graham Brown and Stewart, I have as a rule made no more than six 
observations on any one finger, a number utterly insufficient for any 
conclusion, except that topical localization was or was not affected. 
Each digit was then carefully re-tested for the appreciation of two 
points applied consecutively, which has been shown elsewhere (Head 
and Holmes, [4]) to be a closely analogous function. 

But, by selecting cases in which the various sensory activities of 
the cortex were dissociated, it has been possible to reach a definite 
conclusion. In this I have been greatly aided by the patient’s own 
account of his difficulties. 

In No. 3, the reaction to graduated tactile stimuli was perfect, but 
the three-dimensional aspect of sensation was disturbed in all five digits, 
reaching a maximum in the ring finger. I therefore chose the palmar 
aspect of the four post-axial digits for a more extended series of 
observations on topical localization. A tactile stimulus was planted 
on each phalanx in irregular order and the patient indicated on the 
hand of an assistant the position of the spot touched. Twelve contacts 
were made, first on the normal and then on the affected side; this was 
repeated three times on each hand to the number of seventy-two 
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observations in all. Every touch on the normal hand was correctly 
localized, but the answers from the fingers of the affected side showed 
a defect increasing in the post-axial direction. Thus, whilst all nine 
stimuli were correctly localized over the left index, he made one mistake 
over the middle, two over the ring and six over the little finger. Of 
these six errors, one was placed on the wrong digit, three were more 
or less distal, and two were proximal to the spot stimulated. Two out 
of three mistakes on the middle and ring fingers consisted in choice 
of the wrong digit. 

This inability to decide which digit had been touched was strikingly 
evident in No. 22. The maximum point of the sensory disturbance 
was the middle finger, but in the thumb, index, ring, and to a slighter 
degree the little finger, he had difficulty in appreciating passive move- 
ment. Now, whenever he was asked to localize a touch over the three 
middle digits, his answers were slow and hesitating. He moved them 
backwards and forwards as if he was playing the piano, and then‘ 
indicated the spot on my assistant’s hand, which he imagined I had 
touched on his own, lying hidden from his sight. He said, “I couldn’t 
tell which of the three fingers it was accurately: but, when I moved 
them, then I could tell.” As a matter of fact, he was not always 
accurate, even in his selection of the finger that had been touched. 

In another patient (No. 19), there was some loss of appreciation of 
passive movement in all five digits, reaching a maximum over the little 
finger. The tactile threshold was just perceptibly raised over the ring 
and little fingers; but the defect was extremely slight, and would not 
have been measurable, had he not been unusually sensitive over similar 
normal parts. But his power of localizing a touch was obviously 
defective. His answers were slow, and the tone of his voice gave a 
better idea of his state of doubt than the actual records. He said, 
“I have difficulty in making up my mind whether you are touching me 
on the little or ring finger.” Out of eight contacts, two were wrongly 
placed, and, with two others, he said he did not know on which finger 
they lay, though he finally chose correctly. When the compasses were 
applied consecutively with the points separated by a distance of 0°5 cm., 
he gave one false and one doubtful answer out of ten double coritacts 
on the little finger; on the ring finger, he found “it was a great effort 
to decide whether it was one or two,” although he ultimately made no 
mistakes. 

Thus it would seem that, when localization is defective, because the 
spacial element in contact sensibility is disturbed, the error takes the 
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form of inability to decide on what finger, or on what part of it, the 
touch has fallen. 

This is a great contrast to the condition discovered in the thumb of 
No. 9. I have chosen this digit, because here the power of recognizing 
passive movements was not affected, as it was in the index and middle 
fingers. The tactile threshold was raised, so that he did not give a 
perfect series of answers to any hair under 100 grm.mm.* He had no 
doubt which digit had been touched; but he passed his indicating 
finger up and down, saying, “‘It was somewhere on the thumb, I can’t 
say where.” The thumb, the index or the middle finger were at once 
named correctly as the site of the stimulus, but he indicated vaguely 
the situat:on of the contact by rubbing his finger along the assistant’s 
hand, or in four out of eight observations brought it to rest at some 
more proximal point. Some of these patients say, “‘ The spot seems to 
be spread out, so that I can’t exactly say what part of it you have 
touched.” 

Such a condition is in exact harmony with the change in contact 
sensibility discovered by testing with the graduated hairs. Not only 
does the touch seem to persist long after the hair has been removed, 
but it seems as if “something was being dragged across the hand; as 
if a mosquito was dragging its leg along, not in the least as if you were 
touching me at one point only.” This is the type of disturbance dis- 
covered when localization is disordered by a defective reaction of the 
part.to contact stimuli. The touch seems to be spread out, and may 
be translated into a sensation of movement across the surface. 

(c) Texture—The power of recognizing various stuffs by feeling 
them with the fingers is obviously dependent on the accuracy of tactile 
impressions. But there is another aspect of this test, which demands 
the same faculty of appreciating essential similarity and difference 
underlying the recognition of weight and form. This appeal to two 
sides of cortical activity can be demonstrated by choosing suitable cases 
of sensory dissociation. If tactile sensibility is perfect, whilst the tests 
with various weights and shapes are manifestly affected, the power of 
recognizing stuffs by their texture will be disturbed in one direction ; 
another sort of defect is found where touch is impaired, and weight 
and shape can be appreciated without fail. 

No. 16 was a characteristic example of the first condition, the more 
striking, because the whole hand exhibited this form of dissociation. 
Here, then, was none of that difficulty so often experienced when 
some fingers are affected, and others are not; the various stuffs could 
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be frankly placed in his hands, and he could handle them freely in the 
natural manner. The index and little fingers of the two hands 
responded to a hair of 14 grm./mm.’, and the palms to one of 
21 grm./mm.*, showing that tactile sensibility was in no way defective. 
He was allowed to take each of the following stuffs into his affected 
hand and to palpate it as he might desire. It was then transferred to 
the normal hand. Flannel in the left (affected) hand was said to be 
“something rough,” but was recognized at once on the other side. 
Silk was said to be “smooth, silky,’’ but was called silk in the normal 
hand; corded velvet and cotton were thought to be “something 
rough” on the affected side, though recognized as “corded stuff” and 
“cotton’’ over normal parts. When a piece of corded velvet was 
placed in the two hands at the same time, he said: ‘They are quite 
different stuff. The piece in the right (normal) hand is corded; it feels 
rougher and thicker. The piece in the left hand seems smoother and 
more like calico: I don’t think it is silk.” 

It was not, however, the smoothness and roughness that were not 
appreciated, but the essential difference which enables us to give each 
textile material its specific name. It was, in fact, an “agnosia.” This 
view is borne out by the character of his answers to the tests for the 
recognition of form and of common objects. In every case, with the 
wooden blocks in the left (affected) hand, he said, “‘I don’t know,” 
though they were perfectly recognized on the normal side. He had no 
difficulty in naming correctly a knife, penny, sixpence, and scissors in 
the right palm, but said, ‘‘I don’t know,” when the same objects were 
placed in the left. 

In No. 3, the perfect retention of tactile sensibility made it possible 
to show how the loss of recognition of weights and textures runs parallel 
in the three affected fingers. 








Addition and subtraction of weight Texture 

Thumb .. | Perfect. (Nomistakesin 12 tests) .. | Perfect recognition. 

Index .. | Perfect. (No mistakes in 12 tests) .. | Perfect recognition. 

Middle .. | 7 right and 5 defective answers -. |2 wrong out of 4. Velvet called 
* calico,” cotton called “ flannel.” 

Ring .. | 5 right and 7 defective answers -- | 3 ‘don’t know.” Flannel named 
correctly. 

Little .. | Gross loss. Inability to tell if there Gross loss. ‘‘ Something rough; I 

was weight on the hand or not can't determine what it is,’’ was his 


answer to each of the 4 stuffs. 
' 








Contrast this progressive agnosia with the series of answers given 
by No. 13. In this case, there was no difficulty in appreciating the - 
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relation between weights, but tactile sensibility was distinctly affected 
in the same fingers where recognition of texture was disturbed. 





Tactile hairs Texture 








Thumb .. | Perfect record with 21 grm./mm.? R. | Perfect answers. No difference between 
and L. Not quite perfect in either| the two hands. 
thumb with 14 grm./mm.? 


Index .. | Perfect record with 14 grm./mm.* R. | Perfect answers. No difference. 
and L. 
Middle .. Perfect record on the normal hand | All answers correct, but he said ‘ It is 


with 14 grm. /mm.’ ; imperfect record | more difficult on R. (affected), because 
on affected hand. With21 grm./mm.?|_ it is not so sharp, it is duller.” 
he gave a perfect record R. and L. 


but said it was ‘‘clearer”’ on the 
normal side 

Ring .. | Perfect record on the normal hand with | None of his answers were quite correct. 
14 grm./mm.*?. Defective answers, He said “I can tell it’s a bit of cloth 


on the right hand with all hairs but can’t tell if it is rough or smooth 
of less than 23 grm./mm.*. Hesaid| in the R. hand so well as in the L.”’ 
** Tt doesn’t feel like a sharp point at 

all. Itisasif you were touching me 

with your finger ”’ 





Patients, in whom the loss of recognition of texture belongs to this 
class and is associated with want of tactile sensibility, usually attempt 
to name the stuff placed in their hands; but they frequently add some 
explanation of the difficulty they recognize in determining the character 
of the material. They say, for instance, “That is cotton, I think, but 
I can’t feel it so well as in the other hand.” ‘“‘I can always feel the 
silk, but it is with the rougher materials that I have difficulty.” 

I think, therefore, that we are justified in concluding that the test 
for the recognition of various stuffs by their texture depends on two 
factors in cortical activity: firstly, on the power of appreciating 
similarity and difference, and, secondly, on an orderly response to 
contacts of graduated intensity. In the one case, the patient’s answer 
approximates more or less to, “1 don’t know what it is,’ whilst in the 
other he has a greater tendency to hesitate and to be puzzled by the 
curious sensory differences in the two hands; generally, however, he 
makes a guess, which would be recorded as a normal answer were it 
not for the explanation with which it is so frequently qualified. 
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CHAPTER V.—SUBCORTICAL LESIONS. 


We have analysed elsewhere the effect produced by a subcortical 
lesion on sensation (Head and Holmes [4], p. 174), and such condi- 
tions do not materially concern the aims of the present paper. But it 
is obvious that many gunshot wounds of the brain must injure, more or 
less severely, other parts than the cortex; some of the signs which 
appear, even in such carefully selected cases as those I have chosen for 
my examples of cortical ‘interference, may be due to some disturbance of 
deeper structures. It is necessary, therefore, to consider shortly those 
differences in response to the various sensory tests which point to 
subcortical interference with afferent impulses. Then only will it be 
possible to determine, in any particular case, the extent to which the 
disturbance of sensation is due to more superficial or deeper destruction. 

The following general rule can be laid down from a study of 
undoubted subcortical injuries, which have spared both the receptive 
and essential organs of the optic thalamus. Whenever a stimulus can 
be appreciated, a threshold can be obtained. For we are dealing with 
the results produced by interference with incoming impulses, and not 
with destruction of their receptive centre. 

The closer the lesion lies to the internal capsule, the more extensive 
is usually the loss of sensation, and the more certainly does it tend to 
assume a hemiplegic distribution. Face, arm and leg are all more or 
less affected, although one part, such as the hand or foot, may be more 
- gravely disordered than the rest of that half of the body. Thus, 
although we cannot attribute such cases as I have described in this 
paper, in every instance, to uncomplicated cortical lesions, we can be 
certain that they are not due to injury of the afferent fibres of the 
capsule. 

Secondly, the loss of sensation is extremely severe, compared with 
that caused by more superficial injuries. Stimulation with cotton wool 
can be appreciated over hair-clad parts, but not over the palm of the 
hand, or the sole of the foot; for it must be remembered that move- 
ment of the hairs makes a potent thalamic appeal. Should either of 
these parts retain some sensibility to measured tactile stimuli, there is 
none of that uncertainty seen in cortical cases; the patient does not 
respond to contact of the lighter test-hairs, and each increase in strength 
is associated with a progressively larger number of correct answers. 

The loss of appreciation of posture and movement is often so severe, 
that the patient not infrequently fails entirely to recognize the position 
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into which the limb may have been moved passively. When he wakes 
at night, he has no idea where to find the affected parts, although 
he is still conscious of the existence of his hand or his foot. Should 
the disturbance be less severe, the threshold will be raised, but the 
range of movement required to excite a response can be measured with 
greater accuracy than is the case with a cortical lesion. Thus, from 
15° to 20° may be required before a movement is appreciated, instead 
of 1° as on the normal side; but all the ten measurements may fall 
between these limits, instead of ranging widely from 10° to 45°, accom- 
panied by errors of direction and hallucinations, as is so common with 
injuries of the cortex. 

The compass-test usually suffers severely from the coincident dis- 
turbance of spacial and tactile impulses. Even when the points are 
separated to the widest extent possible within one segment of the limb, 
every application is said to be “just a touch ; they are all the same.”’ 
Contact is appreciated, but contains no element of “oneness”’ or 
“ twoness.”’ 

Topical localization is gravely defective, as might have been expected 
from the other aspects assumed by the sensory loss. Here I believe 
there is a definite tendency to indicate the site of the stimulated spot, 
not only on wrong digits, but proximally to its true situation. In one 
case, out of fourteen contacts on various parts of the fingers and thumb, 
one only was correctly localized; all the others were referred too low 
upon the digits or to some spot on the dorsum of the hand. 

Ice and water at 50° C. can be appreciated without fail in uncompli- 
cated cases of capsular injury, but, not uncommonly, are thought to be 
“colder”’ or “ hotter’’ on the affected side. There is, however, no 
widespread over-reaction so characteristic of lesions that have entirely 
freed the thalamic centre from cortical control. The loss of thermal 
sensibility is shown by the want of response to such temperatures as 
24° C. and 38° C., and all that lie between them. Upper and lower 
limits vary in each case, but it is the central portions of the thermal 
scale that are affected. 

The threshold for measured prick is not infrequently somewhat 
raised ; even if it happens to be the same on the two sides, the stimulus 
is said to be “less sharp”’ or “ blunter”’ over the affected than over 
normal parts. 

All such faculties as the power of appreciating weight, form, size 
and texture are lost. The patient can tell when a weight has been 
added or removed carelessly, so as to produce a jarring contact; but he ~ 
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cannot tell if the remaining pile is lighter or heavier in consequence of 
the manipulation. He is also conscious that some of the blocks, used 
in exploring his appreciation of form, have sharp edges and some have 
none; but he is unable to recognize that they have any shape. Occa- 
sionally he knows that some of the tests for texture are rougher, and 
some are smoother, but he has no idea of their nature. 

Here we see the effects of interrupting afferent impulses on their 
way to the cortex after the point at which they can influence the 
essential organ of the optic thalamus. In such cases, there is almost 
always a coincident affection of the pyramidal tract, usually accom- 
panied, at any rate, in the later stages, by some spastic rigidity. 

Such a clinical picture differs profoundly from that of the cases on 
which this paper has been based, both in the character and distribution 
of the loss of sensation. But it helps us to understand the form 
assumed by the sensory disturbance when subcortical tissues are 
affected by the injury, with or without destruction of the grey matter 
on the surface. 

Now it sometimes happens, that a gunshot wound of the skull 
strikes some part of the brain, outside the primary motor and sensory 
centres and passes backwards or forwards amongst subcortical struc- 
tures. Provided the destruction of tissue is limited, and the wound 
heals well without the formation of a cerebral hernia, it may be 
possible for the sensory disturbances on the hand to be unequally 
distributed over the various digits; and yet the character of the reaction 
to the various tests shows, that the cortical centres have not been 
destroyed. The character of the loss of sensation is still that which 
we have learnt to associate with blocking of afferent impulses. 

No. 6 was a superb example of this condition. He was wounded 
on July 3, 1916, in the frontal region well in front of the motor area. 
I saw him first a fortnight later; but it was in March, 1918, that I had 
the opportunity of making the extensive series of observations on which 
are based the following conclusions. At that time, the various digits of 
his right hand reacted to the measured sensory tests in the following 
manner. 

From this table it is obvious, that the sensory disturbance became 
steadily worse on passing from the thumb in the direction of the little 
finger. But it is to the character of the reactions, rather than to the 
distribution of the defective sensibility, to which I am anxious to call 
attention. On any one finger, the highest and lowest number of 
degrees necessary for the appreciation of passive movement lay much 
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closer to one another than is the case in pure cortical lesions. It was 
possible to obtain a true threshold in each digit, unhindered by those 
inconsequent irregularities and hallucinations of movement which so 
frequently mar the records in most of the examples illustrating this 
paper. Throughout the whole series of fifty observations on the 
various digits, there was but one instance of wrongly named direction ; 
whereas, in cortical cases this is one of the most frequent errors. 
Perhaps the most striking difference between the reactions of 
this patient and those we have noticed in cortical cases was exhibited 
by the tactile hairs. Not only did the loss of sensibility increase 
digit by digit with strictly measurable increments, but in every 
case it was possible to obtain a threshold. Compare such a record as 
that from the index, ring, or little finger with those obtained in 
No. 17 (p. 101). To the lighter hairs he made no response; then, as 
the strength of the stimulus was increased, he began to appreciate the 
contact, until, with some one of the hairs of sufficient bending strain, 
a complete series of answers was obtained. We had then passed the 
maximum threshold. Even on the little finger, where the response was 
imperfect to the strongest hair that can justifiably be employed, we can 
trace the steady improvement in the record with each increase of 
intensity. 
R, (affected) L. (normal) 
Index finger— 
14 gr./mm.? —_ DLLLILIIIIIIAIL 
ie No response 
i _ C000d000i00000iI00 
a3. 
me as iiiiiiliiiiiiiii 
Ring finger— 
14 gr./mm.? LLLLIDILIALIIII 
1445 No response 
21, ” 
ee 000000000i000000 
ee - Gs C0000i100IiNCIDIN“ 
= iiiooiiiooiooiii 
a; a. LliliiiiLI1III11 
Little jinger- 
14 gr./mm.? iiiiiiiiiiiiiiii 
14 re No response 
21 ” ” 
i - 0 
ee 0001001i000000000 
a O000010100I00I00 
> ewe Ci1iioiioooio”Di00 
The records of the tests for appreciation of weight, form, and 
texture also differed fundamentally from those to which we are accus- 
tomed in cases of uncomplicated cortical lesions. When weights were 
added or subtracted in irregular series, he first complained that it was 


‘not so easy” on the affected finger; then a greater defect was shown 
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by a tendency to miss the removal of a weight, although he did not fail 
to recognize its addition to.the pile. Finally, on the little finger he did 
not respond to seven out of the twelve additions and subtractions. 

The appreciation of texture ran pari passu with tactile sensibility, 
and all the statements of the patient pointed to a strict relation between 
the two defects. 

Recognition of form was, however, perfect in the thumb and index 
finger ; it nowhere showed the gross loss that would have accompanied 
so considerable a disturbance of the appreciation of weight, had the 
lesion been cortical. 

One of the most striking features was the steadily rising threshold 
for measured prick, on passing from the thumb towards the little finger. 
This phenomenon will be dealt with in a subsequent chapter (p. 141). 

Another significant aspect of this case, was the affection of the foot. 
Had the patient suffered from an uncomplicated cortical lesion pro- 
ducing the graded loss of sensibility on the hand, it is unlikely that 
the lower extremity would have suffered; or it would have formed the 
central focus of the disturbance to which the condition of the hand was 
an insignificant accessory. The wide extent of the affection of 
sensibility, eighteen months after the wound was healed, associated 
with the comparative slightness of the disturbance at any one part of 
the field, point to an interference with afferent impulses on their way to 
the cortex, rather than the destruction of cortical centres. 

These records prove that the permanent effect of a high subcortical 
lesion on sensation is shown by straightforward raising of the threshold 
rather than by irregular, inconsequent, and uncertain responses. 
Impulses, which can pass the block, give rise to normal sensations; the 
patient reacts to the graduated intensity or changing character of 
the stimulus, whatever its nature. 

The closer a subcortical injury lies to the surface of the brain, the 
more nearly does the character of the sensory loss approximate to that 


produced by lesions of the grey matter. But the grouping of the 
disturbed sensibility always tends to diverge more or less from the 


three categories: recognition of spacial relations, reaction to graduated 
intensity, and appreciation of the character of the stimulating object. 
For afferent impulses still remain grouped according to their sensory 
quality, until they have been subjected to the transforming activities of 
the cortex. 

In each instance of a superficial lesion of the brain, we must 
analyse the defects of sensation according to these criteria; a definite 
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and orderly progression from complete insensibility to a clear supra- 
liminal response points to subcortical interference with afferent 
impulses. Irregular answers, inability to come to a conclusion, hallu- 
cinations whether of contact or movement, show that the disorder is 
due mainly to sensory centres. In many cases, the disturbance of 
sensation shows both these characteristics, a high threshold and 
irregular response; and there is little doubt that many gunshot 
wounds of the brain produce their effects by destroying both cortical 
and subcortical tissues. 


CHAPTER VI.—TESTS WHICH APPEAL TO THE CORTEX AND TO 
THE Optic THALAMUS. 


§ 1—Measured Prick. 


No test is more difficult to devise than a measurable painful stimulus. 
Pressure is too coarse, and is liable to harm the delicate structures of 
the skin. Electrical methods are too uncertain and variable in their 
effect, changing with conditions over which we have no control, such as 
the conductivity of the superficial tissues. A prick is the only effective 


means of applying a measurable painful stimulus. 

There are, however, several reasons why it is far more untrustworthy 
and uncertain in its effect than any other measured test amongst those 
we have habitually employed. I pointed out above, when we were 
considering the phenomena of punctate sensibility, that the reaction 
of the pain-spots was extremely variable. The fact that the stimulus, 
to be effective, must actually puncture the skin makes a long series of 
observations impossible. After systematic exploration with the point 
of a sharp needle, the surface structures are injured. This is not the 
case with heat- and cold-spcots, provided suitable temperatures are used 
in the examination. 

A second difficulty arises from the fact that the first effect produced 
by pricking with a sharp needle is recognition of an acutely pointed 
object ; further pressure adds to this a sensation of pain. It is almost 
impossible to prevent the patient from saying he is pricked, whenever he 
appreciates that the stimulus is a sharp point, and, if he is told to wait 
until he obtains a distinct sensation of pain, we run the risk of placing 
the threshold too high. 

Now this appreciation of the pointed nature of the stimulus is a 
discriminative faculty which, on the lowest level, is associated with 
epicritic sensibility. It is bound up with the processes underlying 
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recognition of the size and spacial extent of objects in contact with 
the surface, and is one of the most potent factors in controlling the 
diffuse and radiating responses of the protopathic stage of recovery. 
Thus, from its inception at the periphery, the effect produced by a prick 
makes a double appeal. On the one hand, the pain it evokes is a 
function of thalamic activity, whilst the discriminative aspect, the 
“sense of a point,’’ is the product of cortical centres. 

This is evident in cases where the optic thalamus has been freed 
from cortical control; the threshold for the. discomfort produced by 
pressure is almost always lowered, under favourable conditions, on 
the affected side. But the threshold for prick is usually somewhat 
raised, in spite of the great increase in the vividness of the reaction, 
once it is evoked. The strength of the stimulus may have to be raised 
from three to eight grammes; when, however, it is increased sufficiently 
to produce a sensation, the pain and general reaction is enormously 
greater on the affected side. Evidently something has been lost in 
acuteness of sensibility by the removal of the activity of the cortex. 
This is not only that ‘‘ sense of the point,” which has nothing to do even 
introspectively with pain, but consists of a certain blunting to pain 
itself. The threshold is raised even to the painful aspect of a prick, 
whilst it is lowered to the more direct discomfort of excessive pressure. 

Evidently, then, the sensory effect produced by a prick owes some- 
thing to the physiological activity of the cortex. But this is so 
small, compared with the overwhelming part played by the optic 
thalamus, that it can only show itself in the records, when a large 
extent of the cortex is prevented from exercising its sensory func- 
tions. This is most easily brought about in practice by destruction 
of the fibres of the centrum ovale; for in this situation a com- 
paratively small lesion can throw out of play, by undercutting, a large 
area of the cortex. Thus we find, that subcortical lesions, with or 
without destruction of the superficial centres, are liable to be associated 
with a distinct raising of the threshold to prick. 

' Pure cortical destruction, on the other hand, produces as a rule no 
true raising of the threshold, unless it is much more extensive than that 
of the examples cited in this research. It may produce change in the 
sensation to prick, which the patient recognizes on introspection ; 
the two hands “feel different.” He says it is “ plainer,” ‘‘ sharper,” 
or “more distinct’? over normal parts. Sometimes an intelligent 
patient will add in explanation, “It is more of a point” on the 
unaffected side; or ‘In the good hand it seems like a little wire 
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sticking into me, but in the bad hand it is like the point of a blunt 
pencil.”” Sometimes the whole character of the stimulus is said to be 
changed ; “It tingles,”’ “‘ It is like electricity.” 

Thus we can sum up as follows our present experience of the effect 


produced by a cerebral injury upon sensations of pricking. 

(1) A gross subcortical lesion tends to raise the threshold to 
measured pricks distinctly, but not to an extreme_ degree. 

(2) Injury to the cortex, uncomplicated by destruction of subcortical 
tissues, does not tend to raise the threshold materially. But it may 
produce a profound difference in the character of the sensation; this 
is due, in great part, to disturbance of that aspect of discrimination 
sometimes called the ‘sense of a point.” 

(3) Cortical activity, however, probably exercises a distinct influence 
even over the appreciation of the relative intensity of successive pricks. 
But this is so slight that it was not measurable in most of the cases of 
injury extending over a comparatively small area which formed the basis 
of this research. 


§$ 2.—Vibration. 


Disease or injury, at lower levels of the nervous system, frequently 
destroys all power of appreciating the vibration of a tuning-fork. But 
so grave a loss never occurs in consequence of a stationary lesion of the 
cortex, unless it happens to be associated with epileptiform attacks or 
other causes of shock. 

This is not to be wondered at, when we consider that a large tuning- 
fork, beating strongly, is a stimulus to two aspects of sensation. First 
of all it produces a series of jarring contacts, which appeal to the activity 
of the optic thalamus ; and, as a matter of fact, vibration is appreciated 
in many cases where the thalamic centre has been freed from cortical 
control, although the character of the sensation is entirely altered. 
Secondly, the tuning-fork produces rapidly repeated movements of small 
range; these can be recognized, provided the appreciation of passive 
movement is shown to be normal by the usual method of measurement. 
Thus, in its two aspects, as repeated crude contact stimuli and as a 
series of small passive movements, vibration makes a double appeal and 
cannot fail to excite sensation of some kind, unless the block lies in or 
below the termination of the fillet. 

Almost all the cases, on which this research is based, showed some 
definite shortening of the period during which vibration could be 
appreciated. Occasionally, the patient volunteered the statement that it 
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was “plainer” or “‘stronger’’ over normal than over abnormal parts ; 
but usually he made little comment on any introspective difference 
between the effect of this test applied to the two hands. 

A large tuning-fork, beating 128 vibrations in the second, is brought 
into contact with the terminal phalanx of one of the fingers, whilst the 
hand is fully supported on a pillow. The patient is asked to say when 
the vibration ceases ; as soon as he indicates that it is no longer per- 
ceived, the fork is transferred to the corresponding portion of the other 
hand. Under normal conditions the vibration usually becomes appre- 
ciable again for a time. The period between the transference of the 
fork to the other hand and the moment when its beating can no longer 
be recognized, is measured with a stop-watch. In healthy individuals 
this may last from five up to fifteen seconds; but a few persons allow 
the fork to run down so far on its first application that it has ceased 
to beat before it is transferred. Both these modes of reaction are 
normal, provided the measured periods are approximately equal from 
right to left and from left to right. Thus it may happen that, in the 
one form of normal response, the records read as follows for four 
observations :— 


Right to left o* oe + 6 sec, + 4 sec. 
Left to right se on + 5 sec. + 4 sec. 


or according to the other mode of reaction, 


Right to left .. ad + 0 sec. + 0 sec. 
Left to right a oe +. 0 sec. + 0 sec. 


In neither instance was there any material difference between the two 
hands. 

But, whenever sensibility to this test is diminished in consequence 
of a cortical or subcortical lesion, the period during which vibration is 
appreciated will be found to be shortened to a greater or less extent on 
the affected side. Transference from an abnormal part to a similar one 
on the other half of the body is associated with a prolonged period of 
renewed appreciation ; but, on the contrary, moving the fork from a 
normal to an affected part leads to no further vibratory sensation. 

The records on the next page were obtained in No. 17 by this method. 

These figures are typical of the answers obtained in the cases of 
cortical affection dealt with in this paper. The thumb was obviously 
normal, but the measurements from the index finger showed a slight 
shortening, when the fork was transferred from the normal to the 
abnormal hand. Such small differences lie within the limits of experi- 
mental variation ; they would have been of no significance had not the 
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readings from the middle finger shown the same tendency in a higher 
degree. On the ring finger this difference was greatly increased. 
Finally, over the little finger the defective sensibility to vibration 
appeared in its extreme form, and it was not appreciated at all when 
transferred from the normal to the affected hand. 


Thumb— 

From R. ‘aie ” + 8 sec. + 

From L. ae Ks +. 8 sec. + 7 sec. 
Index finger— 

From R. ve “4 + 12 sec. + 11 sec. 

From L. Pret oe + 9 sec. +- 8 sec. 
Middle finger— 

From R. to L. .. os + 10 sec. +- 10 sec. 

From L. to R. .. es + 6 sec. + 6 sec. 
Ring finger— 

From R. to L. .. ‘ + 15 sec. + 14 sec. 

From L. to R. .. a + 3 sec. + 5 sec, 


Little finger— 
From R. to L. .. ew + 15 sec. + 10 sec. 
From L. to R. .. qe + 0 sec. + Osec. 


Evidently the five digits were not in the same condition. The 
thumb was unaffected, but the disturbance steadily inéreased in a post- 
axial direction and reached its maximum over the little finger. When 
we compare the extent of this loss with that shown by the other means 
of sensory exploration, it is found to correspond exactly with that revealed 
by measured movement. To this test also the thumb was normal, the 
index was somewhat affected, and the middle, ring and little fingers 
showed grave loss of sensibility; no other method of examination 
revealed such extensive disturbance. 

Throughout all these cases of cortical and subcortical injury, there 
is the same close correlation between the loss revealed by measured 
movement and by vibration, not only in the number of digits affected, 
but also in the gravity of the disturbance. In the one instance of my 
series, where in spite of other disorders of sensibility passive move- 
ments were perfectly appreciated, all the digits of the affected hand 
gave normal answers to vibration. 

In the following table I have combined the records of a series of 
cases to the two tests. The number of degrees required for recognizing 
the direction of a passive movement are given in the upper line, whilst 
the shortened appreciation of vibration on the affected hand is recorded 
in seconds below. It will be seen how closely the extent of the loss, 
measured by the number of digits, corresponds with the two tests; at 
the same time they show a remarkable agreement in the relative degree 
of the disturbance on any one finger. Individual differences always 
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occur, and it must be remembered that the two sets of records are 
rarely made on the ‘same day. For a set of observations with the 
tuning-fork must be made when the patient is fresh and free from 
fatigue. 

Both measured movement and vibration, as we have employed it, 
appeal to the same aspect of cortical sensibility, but for practical pur- 
poses the former is the better test ; for it is capable of revealing those 
curious irregularities of response, so characteristic of cortical affections, 
which appear in-the form of hallucinations of movement and positive 
errors in direction. Moreover, some individuals do not. give constant 
answers to the tuning-fork, as we have applied it, and this tendency 
may be aggravated in cases of injury to the brain. But, on the other 
hand, many of the patients with whom I have had to deal in this 
research responded surprisingly well. They were all young and not 
infrequently looked upon this test as a game to be played to the full 
extent of their capacity ; in such instances the records showed not only 
the graduated loss from finger to finger, but remarkable relative con- 
stancy on different occasions. But it is all important that the observa- 
tions should be made alone, in a quiet room, and at the beginning, 
rather than at the end, of a series of sensory observations. 

From the periphery upwards, a normal response to the tuning-fork 
test has been shown to be associated with impulses arising in the deep 
afferent system. So long as deep sensibility is intact, vibration can 
be appreciated ; but, during their passage through the spinal cord, all 
impulses arising in subcutaneous end-organs pass away into secondary 
tracts, with the exception of those underlying recognition of posture and 
movement and the vibration of a tuning-fork. A suitable lesion of the 
posterior columns can abolish all power of responding to these tests. 

But, above the point where the fillet ends in the optic thalamus, no 
lesion produces complete insensibility to vibration, except under con- 
ditions of neural shock. We have no right, therefore, to speak of the 
projection of “‘ deep” sensibility ‘‘on the cortex of the brain.’ Vibra- 
tion of a tuning-fork is affected by a cortical or subcortical lesion, 
because it is one method of testing the same faculty which underlies 
appreciation of passive movements. The power of recognizing a series 
of minute and rapidly repeated vibratory changes is a function of the 
discriminative mechanism of the brain. 

From the periphery to the cortex, vibration and passive movements 
evoke sensation or are abolished together. So far I have explained this 
coincident response to the two tests as a consequence of the basic 
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similarity of the physiological changes on which they depend. For in 
both of them sensation is evoked by afferent impulses, caused by a 
series of minute passive movements. But closer consideration shows 
that there is a deeper cause for their fundamental identity. 

Both tests depend on the integrity of the deep afferent system ; but 
any sensory loss due to a peripheral lesion is mixed up with disturbance 
of other aspects of sensation, which also depend on subcutaneous end- 
organs. Injury to the posterior columns of the spinal cord may, how- 
ever, abolish all power of recognizing passive movement and vibration. 
Tactile sensibility is perfect; the patient can appreciate the lightest 
touch and frequently is able to recognize that something is happening 
to that part of the body which is being moved; but the tuning-fork 
seems to him nothing more than a round flat object pressed upon the 
skin, and all perception of movement is absent. 

Now at first sight it is difficult to see why the repeated jarring 
contacts of the vibrating fork are not appreciated as a succession of 
touches, for tactile sensibility is perfect. The manipulations used in 
testing appreciation of passive movement evoke a series of stresses and 
varying tactile impressions from joints, tendons and surrounding struc- 
tures; but in order that these may yield a sensation of movement they 
must be recognized as an orderly sequence, tending in a certain 
direction. In the same way, vibration must produce the impression 
of a series of minute contacts consecutive in time. 

Passive movements of any part of the body not only lead to changes 
in place, but also give the impression of duration in time; we can 
recognize by introspection that they are taking place in a certain 
direction and that they occupy a definite period; but the immediate 
result of such manipulations is the conviction that the limb is being 
moved in space. On the other hand, vibration is directly translated 
into its temporal aspect; it produces a series of movements of small 
range, which give rise primarily to the perception of a sequence in time. 
It is possible introspectively to recognize that the beating fork produces 
rapidly repeated contacts ; but its dominant psychical effect is recogni- 
tion of succession in time. 

I should like to suggest that both these tests appeal to the same 
physiological functions. Such a hypothesis is rendered probable by 
considering the significance of vibration in the life of such a vertebrate 
as the fish. The organs of the lateral line, so important in the main- 
tenance of posture, respond to vibrations of the water around, and the 
creature is enabled thereby to maintain its balance in a shifting 
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medium. Here we see the close association between vibration and 
spacial recognition. But the highest and most perfect of these lateral 
line organs is the so-called ‘‘ear’’ of a fish. This is the exact homo- 
logue of the internal ear of man, but obviously has nothing to do with 
hearing in the human sense; for it is adapted to pick up and resporid 
to vibrations in the water around. But, like one part of the internal 
ear in man, it is peculiarly associated with posture. Thus, from a 
developmental point of view, vibration and changes in posture are 
closely associated together, and I believe that even in man they evoke 
the same afferent physiological consequence. 

The two forms of movement produce a sensation of orderly sequence 
both in space and time. But, when the part is moved in one direction 
passively, the dominant sensation is one of succession in space; when, 
however, the stimulus is a series of vibrations, we obtain the impression 
of succession in time. For other sensations tell us that the base of the 
tuning-fork has remained throughout on the same spot, covering exactly 
the same area; attention is therefore concentrated on the time aspect 
of the stimulus rather than on the nature of the minute changes in 
posture it produces. 


The corresponding physiological processes, due to vibration and to 
passive movement, are translated into a predominant recognition of an 
orderly series of changes in space or in time, according to the con- 
comitant impulses by which they are attended. From the point of 
view of somatic sensation, recognition of successive movements in time 
and in space are the psychical correlatives of the same physiological 
functions. 


CHAPTER VII.—HyYporTonia. 


It is not my intention to attempt a systematic account of the 
changes in tone produced by lesions of the cortex; but I cannot close 
this paper without describing that curious hypotonia which so 
frequently accompanies sensory disturbances of cortical origin. This 
is the condition to which Guthrie [3] has drawn attention in his 
paper “On Muscular Atrophy and other Changes in Nutrition asso- 
ciated with Lesions of the Sensory Cortex.” 

No. 23 was an excellent example, not only of this hypotonia, but of 
its concomitant phenomena. No photograph can give any but a shadowy 
indication of the profound difference between his two hands (see p. 237). 
The affected hand [left |} resembled that of a woman, and was soft and 
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rounded with delicate fingers; the right hand was that of a man 
capable of hard manual work. Its surfaces were squarely modelled, 
the palm broad and flat, and the fingers had an appearance of shortness 
in relation to the hand as a whole. The left hand, on the contrary, 
was rounded and soft; its lines were less deep. The fingers seemed to 
be longer and thinner than those on the normal side, although by 
measurement they were actually a little shorter. This illusory appear- 
ance was due to the smaller width of the left palm, which measured 
8 cm., compared with 9 cm. on the right hand. The tips of the fingers 
were spatulate on both hands, but less so on the left than on the right, 
The interosseous spaces were not wasted; they seemed, however, on 
the affected side to be occupied by smaller and softer muscles. There 
was no obvious difference in the skin of the two hands, no change in 
colour and no cyanosis. The patient had done no manual work for 
four months, and both hands were white and free from corns. The 
difference between them was immediately evident on contact. In the 
act of shaking hands, the right grip was firm and well sustained ; 
I was conscious of the elastic pressure of the contracting muscles of 
the palm and of the tension of the fingers; I had the feeling that, if 
the patient chose to increase his grasp, it might become painful. But 
when I gave my left hand into his, it was like the impression received 
from the hand of a woman. My fingers seemed to be in contact with 
something soft and without resistance; the pressure was orderly, but 
gentle and harmless. 

All the digits of the left hand could be bent back passively one by 
one to an abnormal extent; even the thumb seemed to be hypotonic. 
But the fingers were not paralysed. Individual movements of each 
digit could be carried out, so long as the eyes were fixed upon them, and 
the tip of the thumb was approximated without difficulty to that of 
each finger in turn. But the movements were leisurely and without 
virility. So long as his eyes were open, the constituent parts of the 
affected hand remained in alignment with one another, and the thumb 
did not droop when the limb was extended in front of him. 

But, as soon as the eyes were closed, the little finger dropped away 
from its position, and all the digits tended to fall out of line when 
abducted. There is nothing specifically diagnostic about this ataxy and 
defective attitude of the hand; it occurs on closing the eyes whenever 
the power of recognizing posture is disturbed by a lesion of any suit- 
able part of the central nervous system. 

Before passing to consider in closer detail this hypotonia, which 
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so commonly accompanies lesions of the sensory cortex, it is necessary 
to define the condition with which I intend more particularly to deal. 
Sensory changes of cortical or subcortical origin are not of necessity 
associated with hypotonia. In one case, the fingers may be atonic, and 
in another tone is not diminished, and yet spacial recognitiori is equally 
disturbed in both. The key to the difference between the two groups 
lies in the presence or absence of coincident affection of the motor 
mechanism. If the disordered sensation is associated with inability to 
carry out individual movements of the fingers, tone may be normal, or 
is, at any rate, not diminished apart from gross paralysis. The deep 
reflexes of the affected limb are usually somewhat increased. Both 
these defects point to some primary disorder of the motor mechanism 
additional to, and not consequent on, the disturbance of sensibility. 

Now my principal interest in this paper is with those cases where 
none of these accessory motor or reflex signs were present, and yet 
hypotonia existed in a distinctive form. For under such conditions the 
loss of tone is distributed according to the gravity of the sensory loss. 

But the hypotonia does not depend indifferently on all aspects of 
want of sensibility, nor on the incidence of the maximum general 
disturbance ; it is associated peculiarly with defective appreciation of 
posture and passive movement. 

This cannot be proved by such cases as No. 23, for the sensory 
defects were too widely distributed over the affected hand. But in the 
case of Lieut. J. [No. 15] the various aspects of sensation were 
disturbed independently in the two feet, owing to a wound of the 
vertex. On the right side all spacial tests were well recognized, but 
tactile appreciation was grossly affected. Here tone was not disturbed. 
In the left foot, however, the spacial aspects of sensibility were 
measurably affected, and the great toe was profoundly hypotonic. It 
could be pushed backwards to such an extent that it came to form 
less than a right angle with the line of the dorsum of the foot, whilst 
the right great toe could not be brought up to subtend an angle of 
less than 120°. In this case, sensation was disturbed on both feet in 
consequence of a cortical lesion, but the hypotonia was on the side of 
the loss of spacial appreciation. 

Not only is the tonic condition of the hand as a whole dependent on 
the state of spacial appreciation, but this is true for each individual 
digit. I have shown that the different parts of the hand may be in a 
very different sensory condition; some fingers may be grossly affected, 
whilst others exhibit no change of any kind. 
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The following table has been constructed to show the close associa- 
tion between the condition of spacial sensibility and the tonic state of 
the various parts of the hand. The most delicate indication of disturbed 
appreciation in space is the power of recognizing passive movement. 
This has been recorded in degrees for each digit in turn and the condi- 
tion of tone indicated below. It is at once obvious how closely the two 
physiological states are associated with one another; the fingers, where 
the loss of spacial sensibility is profound, are at the same time those 
which are hypotonic. 

How closely the amount of hypotonia is associated with the degree 
of defective spacial appreciation was evident in such a case as No. 12, 
fifteen months after a bullet wound of the left parietal region. He 
complained that when he played the piano, there was “a want of 
purpose” in the ring and little fingers of the right hand; ‘‘I cannot 
rely on them, and they will probably blur the note, unless I watch them 
very carefully.” ‘These fingers and the corresponding part of the 
hand,’’ he said, “‘ hardly seem to count, compared with the others, in 
anything I do.”’ 

But he had no difficulty in carrying out isolated movements and 
approximating the tip of each digit in turn to that of the thumb, 
provided he was allowed to fix his gaze upon them. When he held 
out both hands in front of him, even the little and ring fingers were in 
alignment with the others, so long as his eyes were open; but as soon 
as they were closed, the two ulnar digits fell away, whilst the thumb 
and index fingers remained as strictly in position as those of the normal 
hand. 

Now it will be seen from Table A that there was no loss of 
spacial appreciation in the thumb and index, and a slight defect only 
in the middle finger; these digits were not hypotonic. But the sensory 
disturbance was considerable in the ring finger, and in the little it 
assumed gross proportions; both were hypotonic, but the loss of tone 
was undoubtedly greater in the latter than in the former, coinciding 
with the relative degree of loss of sensibility. 

This straightforward relation between the loss of postural recognition 
and diminished static tone can only exist if there is no primary motor 
defect or disturbance of reflex excitability. Everyone is familiar with 
the conditiops present in a spastic hemiplegia of cortical or subcortical 
origin. Not only are all the reflexes profoundly exaggerated, but the 
hand may be incapable even of the coarsest movements. Here the 
tonic influence of lower centres has been set free to pour uncontrolled 
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into the affected limbs, and at the same time all high-grade voluntary 
power has been destroyed. Such cases show the combination of 
paralysis, due to destruction of the motor mechanism of the cortex, 
combined with tonic overaction of lower centres. It is sometimes 
possible to overcome this spasticity in the hand by continuous gentle 
pressure ; the rigidity of the fingers yields, and they can then be bent 
backwards to a degree impossible on the normal hand. Moreover, all 
the phalanges may become over-extended at the interphalangeal joints, 
a condition spoken of as “ saddle-backed fingers.”’ 

But this want of tone, which so often underlies spastic rigidity of 
high cerebral origin, is part of the paralysis. The whole cortical motor 
apparatus is disordered ; not only is voluntary power destroyed, but the 
tonic innervation upon which it is based is also diminished. This 
motor paralysis affects the hand more severely than any other part, 
_because its movements occur habitually under control of the will. 
Every aspect of voluntary motion is affected; individual movements of 
the digits are no longer possible, and the static tone which underlies 
the maintenance of posture is also destroyed. But the clinical picture 
is complicated by the massive tonic influence of lower centres. Spastic 
rigidity invades the limb attacking the larger joints to a greater degree 
than those more habitually under control of the will. 

Such conditions do not come directly within the purview of this 
research ; but they form a necessary link in the comprehension of an 
apparently anomalous group of cases. It sometimes happens that 
a gunshot injury of the surface of the brain produces loss of recogni- 
tion of posture and passive movement, without obvious increase or 
decrease of tone in the fingers. The lesion has not been deep enough, 
or sufficiently extensive, to produce spastic rigidity. Why then is the 
loss of spacial recognition not associated with hypotonia ? 

In all such cases individual movements of the various parts of the 
hand are clumsy and are performed with difficulty, even when the 
patient fixes his gaze on the fingers. If he is asked to throw out both 
hands in front of him the digits are not in perfect alignment, and the 
thumb may droop abnormally. This is usually more evident if he 
is made to abduct his fingers and then to bring them together again. 
Not only is this movement badly performed, but the posture finally 
assumed is obviously defective. Throughout, the patient has kept his 
eyes open and directed his gaze on to the affected hand. 

Jsually, in such cases the deep retlexes do not give an identical 
response in the two upper extremities; the wrist-jerk is somewhat 
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brisker on the affected side and the elbow-jerk may be increased. But 
we are far from the condition seen in spastic paralysis. 

On Table B, I have brought together a set of cases where, at first 
sight, we might have expected more or less hypotonia of the digits 
corresponding to the graduated loss of spacial recognition. But, in 
every instance, individual movements were clumsy and the fingers out 
of alignment, even though the eyes remained open. The cerebral 
injury had disordered the motor mechanism of the cortex in addition 
to its afferent centres. 

Defective motor control from the side of the cortex is also shown 
by the tendency of the wrist-jerk to be brisker on the affected side ; 
but it must be remembered that no deep reflex reveals the state of the 
various digits. The wrist-jerk indicates the condition of the forearm 
rather than of the hand, and not uncommonly the difference between 
these reflexes is very slight in this class of case. 

According to the view I have put forward, a lesion of the sensory 
cortex can produce hypotonia provided the motor activity of the 
pyramidal system is intact. If, however, the highest grade of volun- 
tary motion is disturbed, the fingers either show no obvious change in 
tonic innervation, or, if the lesion is more severe, fall into a condition 
of spastic rigidity or flaccid paralysis. 

Should this hypothesis be correct, recovery of motor power without 
coincident restoration of postural sensibility should lead to the gradual 
appearance of hypotonia in the affected fingers. This was actually the 
case in No. 3. He figures on Table B in the first stage in which 
I saw him; individual movement of the various parts of the left hand 
could not be carried out, the fingers were out of alignment and the 
deep reflexes of the upper extremity were exaggerated. At this time 
his fingers were not hypotonic. But as time went on the movements 
of the digits improved, and eleven months after the injury he could 
approximate the tip of the thumb to that of each finger in turn with 
the eyes open, though more slowly than in the normal hand. Coinci- 
dently with this return of movement the little and ring fingers became 
definitely hypotonic; on the restoration of voluntary power static tone 
became defective. (See Table A.) 


Gross loss of appreciation of posture and passive movement, due to 
a cerebral lesion, may thus be associated with various states of tonic 
innervation. 
(1) Provided there is no direct interference with the highest motor 
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functions of the cortex, hypotonia may be directly associated with want 
of spacial appreciation. 

(2) But if, when the eyes remain open, individual movements are 
clumsy and the fingers are out of alignment, and especially if the deep 
reflexes point to some interference with the activity of the pyramidal 
system, no hypotonia may be present. 

(3) Should the lesion be sufficiently gross to set free the lower 
centres from cortical control the limb may be spastic and the fingers 
rigidly contracted. 

(4) Severe lesions of the cortex and subcortical tissues may cause 
a complete flaccid paralysis, especially in the early stages. Here the 
fingers are atonic because both voluntary movement and static tone are 
destroyed by the injury. The phasic and tonic aspects of motion are 
paralysed. 

This paralytic loss of tone may in certain cases exist under cover of 
general spasticity of the limbs. Once the coarse influx of tone in the 
hand is overcome by gentle and steady pressure, the fingers can be bent 
back to an abnormal degree, and the terminal phalanges can be brought 
into a ‘‘ saddle-backed ’’ posture. 

My business is with the first of these states of tonic innervation ; for 
it alone stands in direct relation to cortical disturbances of sensation. 
Paralytic atonia and hypertonia deserve a treatise to themselves, and 
cannot be dealt with within the limits of a paper devoted to the 
afferent mechanism of the cortex. 

All spacial aspects of sensation rise into consciousness influenced by 
the consequences of some previous experience. For it would be 
impossible to discover the position of any part of the body, unless the 
immediate postural sensation was related to something that had pre- 
ceded it. A direct perception of posture, analogous to that of roughness 
or of pain, is impossible; every new position of the limb is relative to 
those which have preceded it. 

The sensory cortex is the organ to which we owe the faculty of 
relating one sensation to another either simultaneously or consecutively. 
Consequently all spacial aspects of sensation suffer severely from a lesion 
of the cortex. Not uncommonly a patient with a cortical lesion can 
recognize that some movement has taken place, but is unable to discover 
its direction or amplitude ; complete appreciation of spacial relationships 
is the recognition of serial changes in a certain direction. 

The cortex has been said to be the repository Of ‘‘ images of move- 
ment.” This is, however, an unsatisfactory term when we consider the 
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actual effects produced by a cortical lesion; for when we speak of an 
image we mean something that can be recalled into consciousness under 
suitable conditions. 

When we sit immobile and imagine our fingers touching some object 
on the table, many of us see at once the mental picture of an out- 
stretched arm ; the only image in consciousness is a visual one. Now 
if we examine an intelligent patient in whom the power of recognizing 
posture or passive movement is gravely affected, this visual image 
may remain as vivid as ever. In such cases it is possible to make 
the following instructive experiment. Place his arm in front of him 
on the bed, allowing him to see the position in which it lies; touch 
several spots in succession on the affected hand and ask him to point 
to them with his finger, his eyes remaining open throughout. Then 
close his eyes and carefully remove the arm into some distant position, 
say at right angles to the bed. If he is a strong visualizer he will tell 
you that he can still see the picture of his arm and hand as vividly as 
before on the bed in front of him. Now touch some point on the 
hand ; if tactile localization is not too grossly disturbed, the patient will 
indicate a spot in the position where that part of his hand originally lay 
on the bed. This phenomenon may be called “exploration of the 
phantom hand.” Here the visual image of the limb remains intact, 
although the power of appreciating changes in position is abolished. 

It is evident therefore that the standard to which immediate reference 
is made, when a fresh position is recognized, cannot be a visual image. 
The existence of normal human beings, whose conscious life by day 
is devoid of all visual images, would be sufficient evidence of this fact, 
apart even from the direct results of experiment in cases of cortical 
lesions. Some such persons undoubtedly possess true movement 
images. That is to say, the assumption of an imagined posture may 
be accompanied by re-presentation of movement, equivalent to the 
pictures of those who visualize strongly. 

But in both cases the image, whether it be visual or motor, is not 
the fundamental standard against which all postural changes are 
measured. Every recognizable change enters into consciousness already 
charged with its relation to something that has preceded it. Before 
the afferent processes caused by movement of a joint can evoke a change 
in consciousness, they have already been integrated and brought into 
relation with the previous physiological dispositions, due to antecedent 
postural changes. Just as on a taximeter the measured distance is 
presented to us already translated into shillings and pence, so the final 
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product of spacial changes rises into consciousness as a measured 
postural appreciation. 

For this standard, against which all subsequent changes of postures 
are measured before they enter consciousness, we have proposed the 
word ‘‘schema.”” By means of perpetual alterations in position we are 
always building up a model of ourselves, which constantly changes. 
Every new posture or movement is registered on this plastic schema and 
the activity of the cortex brings each fresh group of sensations evoked 
by altered posture into relation with it. Immediate postural recognition 
occurs as soon as this relation is complete. 

Recognition of posture and movement is obviously a conscious 
process. But the activities on which depend the existence and normal 
character of the schemata lie for ever outside consciousness ; they are 
physiological processes with no direct psychical equivalent. The con- 
duct and habilaments of the actor who appears before us on the stage 
are the result of activities behind the scenes of which we must remain 
ignorant, so long as we are only spectators of the play. 

The only constant and continuous record of the movements of our 
bodies in space exists in the condition of our schemata. These physio- 
logical dispositions of the cortex ensure that the inception of a voluntary 
movement will find the part to be moved in a suitable attitude. For, 
unless postural impulses perpetually modified these unconscious physio- 
logical activities consonantly with every change in position, we might 
will a certain movement although the limb was not in a suitable attitude 
to bring it into being. This is evident in every case of ataxy. 

But in order that the part of the body to be moved may be ready to 
spring off, like a runner, at the word of command, its static tone must be 
normal. Should it be posed atonically, the voluntary motor act has first 
to gather in slack before the limb begins to move. Normal posture and 
normal tone are coincident terms. 

It is obvious therefore that any lesion which disturbs postural 
schemata will interfere with static tone. For, in order that a part of 
the body at rest may retain a normal posture, afferent postural impulses 
must exert a constant influence on the activity of the appropriate recep- 
tive centres of the cortex. These are the repository of spacial schemata. 
The physiological changes brought about by this stream of afferent 
impressions not only checks and controls voluntary movement, but 
ensures that the static tone of the part shall be adapted to maintain its 
position. Consciousness is in no way necessary for such co-ordination ; 
in fact the regulation of tonic innervation occurs entirely on the physio- 
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logical level. Any lesion, which tends to destroy postural schemata, not 
only disorders voluntary movement, but under suitable conditions may 
diminish static tone. 

In order that this disturbing effect may show itself in a permanent 
diminution of tone when the part is at rest, the pyramidal system must 
be intact. For, if the motor mechanism of the cortex is directly affected, 
fine regulation of postural tone is no longer possible; the general tonic 
condition of the part tends to be increased, as shown by exaggeration of 
its deep reflexes. The more profound the lesion the grosser becomes 
this spastic rigidity due to the uncontrolled massive innervation from 
lower centres. 

But the hypotonia, so closely associated with defective recognition of 
posture and passive movement in the absence of any defect in the highest 
motor apparatus, is in reality a false co-ordination. The receptive 
centres of the cortex are badly informed of the position of the affected 
parts; at the same time those physiological dispositions past and present, 
on which depend the existence of spacial schemata, are disordered. 
Voluntary movement is badly co-ordinated except when guided by 
vision. But tonic innervation is a purely automatic process, not under 
the control of the will except in so far as it is the aftermath of a 
voluntary movement. Static tone consequently suffers and the affected 
fingers are more or less permanently hypotonic. 

I have laid stress throughout on this twofold influence of a cortical 
lesion on spacial recognition. A subcortical injury may also disturb 
recognition of posture by cutting off, to a considerable extent, afferent 
impulses from the receptive centres in the cortex. In such a case the 
threshold is raised, but it may be possible to obtain orderly and coherent 
responses if the intensity of the stimulus is sufficiently increased. Thus 
it may be necessary to move the finger passively through an angle of 
20° before appreciation occurs, but all the answers will tend to lie round 
about this degree. If, however, the cortex itself is destroyed it may be 
impossible to obtain a true movement threshold. Not only is the range 
at which appreciation occurs widely different, but false answers and 
hallucinations ‘mar the records. We are now dealing not only with the 
disturbance of afferent impulses, but with the destruction of the centre 
for those physiological processes which underlie the recognition of 
posture and movement. 

This difference between the consequences of a pure subcortical lesion 
and one which involves the cortex is, I believe, also manifest in the 
condition of static tone. The former leaves the permanent dispositions 
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of the afferent centres intact; the patient still possesses complete spacial 
schemata, but incoming influences are defective. The internal organi- 
zation is intact, but it is badly served with information from without. 
Now, static tone is automatic; it is the product of a constant stream of 
influence exerted by the simple existence of the physiological dispositions 
we have called schemata. So long as they remain intact, tone will not 
be grossly diminished, apart from the effects of a primary paralysis. 
Once, however, the inherent activities of the afferent centres are 
destroyed by a cortical lesion, tone tends to be diminished because of 
the loss of the constant automatic influence they exert on the highest 
efferent mechanism. 

This is one of the reasons why a pure subcortical lesion, such as that 
in No. 6 (p. 137), was not associated with hypotonia of the fingers. We 
might at first sight have anticipated a graduated diminution of tone 
increasing towards the post-axial aspect of the hand corresponding to the 
want of recognition of passive movement. But all the signs pointed to 
an uncomplicated lesion of the centrum ovale as far as the post-central 
cortex was concerned. A threshold could be obtained to all the sensory 
tests, although to most of them it was raised considerably above the 
normal. The answers were free from the gross irregularities and 
inconstancy so common when the sensory cortex is itself affected. 
Here the normal condition of static tone was:‘due to the continued 
exercise of that co-ordinating influence, which constantly flows from the 
highest afferent to the efferent centres. 

Thus, it is evident that the so-called sensory cortex exercises by its 
very existence a double effect upon motor activity. First of all it 
controls voluntary movement; conscious appreciation of relations of the 
body in space go hand in hand with the effector activities of the will. 
But these phenomena of mind are based on physiological processes 
which may be directly disturbed by a cortical lesion. It is these under- 
lying non-mental dispositions which influence postural tone. Thus, at 
this anatomical situation in the nervous system, the vital activity of 
the centre is expressed as presentations to consciousness, concerned 
with the position of the body in space, and also as the purely physio- 
logical condition of postural tone. 
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CHAPTER VIII.—THE PRINCIPLES WHICH DETERMINE ANATOMICAL 
LOCALIZATION OF SENSORY FUNCTIONS IN THE CORTEX. 







No one now denies that sensation can be affected by a lesion of the 
cerebral cortex, and the disputes, which raged over this question, can be 
relegated to the past history of medicine. Moreover, it is certain that 
the “excito-motor”’ area, that. portion which gives origin to the 
pyramidal tract, is situated almost entirely within the precentral con- 
volution ; it is not coterminous with the so-called “sensory cortex.” 
For, although the anterior and posterior limits of the sensory centres 
are still undetermined, everyone is now agreed that the post-central 
convolutions form the most effective focus, from which sensory changes 
can be evoked by a suitable injury to the brain. 

But preoccupation with the practical problems of topographical 
localization blinded neurologists to the true nature of the functions, 
which are disturbed by acortical lesion. They assumed that all disorders 
of sensation would fall into the categories of touch, pain, heat and cold, 
together with some “ spacial ”’ or ‘‘ muscle-sense”’ constituent, and were 
surprised to find that researches on these lines ended in confusion. 

Russel and Horsley ([14] p. 139) frankly stated in 1906 that “ all 
observers are agreed that isolated lesions of the Rolandic zone do not 
produce complete tactile anesthesia or analgesia (to these must be 
added temperature anesthesia)’’; but they offered no solution of this 
apparently anomalous conclusion, and did not state definitely in what 
way sensibility was disturbed by a lesion of the cortex. 

Recently, however, some authorities on cortical topography have 
attempted to avoid this difficulty by adopting a most disastrous nomen- 
clature. Thus v. Monakow speaks of disturbances of “ deep, proprio- 
ceptive, protopathic and epicritic sensibility ’’ in connexion with cortical 
lesions ({12] p. 270-271). Even so ‘recently as 1916 van Valkenburg 
[17] published a paper entitled, “Sensibilititsspaltung nach dem 
Hinterstrangtypus in Folge von Herden der Regio rolandica.”’ 

Dejerine [2] in 1914 wrote as follows: ‘‘ Une autre question se pose 
depuis quelque temps; on a constaté dans plusieurs cas d’hémanesthésie 
cérébrale une topographie spéciale de l’anesthésie, qui se traduit sous 
forme de bandes reproduisant plus ou moins exactement la distribution 
radiculaire spinale. En présence de ces faits, on est amené a se demander 
s'il n’existe pas dans les centres corticaux sensitifs une systématisation 
radiculaire comparable a celle qui existe pour les centres moteurs 
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corticaux.’”’ Here, it is true, he did not state that the nature of the loss 
of sensibility corresponded to that caused by injury of the posterior 
roots ; he only asserted that the distribution of the disturbance might 
follow a radicular type. But, as a matter of fact, the anatomical form 
and the essential character of any loss of sensibility are closely bound 
together ; when it follows a peripheral, radicular, or spinal distribution, 
the nature of the sensory change corresponds to the situation at which 
it is produced. To suppose that a cortical lesion could be associated 
with a sensory loss of radicular form is as absurd as to postulate a 
spinal lesion with an ulnar nerve paralysis. 

I have attempted to show that sensory changes, produced by a lesion 
of the cortex, must be considered in terms of the psychical act and not 
of the physical stimulus. The function of the cortex in sensation is 
to endow it with spacial relationships, with the power of responding in 
a graduated manner to stimuli of different intensities, and with those 
qualities by which we recognize the similarity or difference of objects 
brought into contact with the body. It is these aspects of sensibility 
which are disturbed by cortical injuries. The anatomical lesion upsets 
the orderly sequence of physiological processes and this defect of 
function is manifested in disorder of the psychical act of sensation. 
The terms in which this disturbance is manifested are categories of 
of the function itself ; a sensory loss of cortical origin is not expressed 
in anatomical or physiological terms, but in those of the most 
elementary processes of mind. 

If the view I have put forward in this paper is correct all previous 
theories of cortical localization, as far as sensation is concerned, must 
be put aside. The two conceptions are mutually antagonistic and 
cannot be combined ; there is no via media. Unless this fundamental 
diversity of outlook is recognized from the start, it will be impossible 
for the reader to grasp the attitude I have assumed with regard to the 
topographical significance of sensory disorders of cortical origin. 


We may accept as a sufficiently well observed fact, that a lesion of 
the post-central cortex can produce a profound effect on sensibility. 
But we have no right to assume that those forms of sensation, which 
are disturbed, are of necessity functions of the injured cortex. For any 
sudden injury of the surface of the brain produces widely radiating 
shock effects within the structures of the nervous system. Sometimes 
a blow on the head, or a cerebral operation, may be followed by loss 
of sensation so severe that it is difficult to believe the mid-brain has 
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not been affected. The whole of one half of the body may become 
insensitive to touch, pain, heat and cold; and yet the rapidity with 
which this loss of sensation disappears shows that it was not due to 
gross structural changes in the lower afferent centres. 

An epileptiform attack is a potent cause of neural shock, and in the 
attempt to determine the sensory function of the cortex, it is better, if 
possible, to reject those patients who suffer from any form of seizure 
or periodic disturbance of consciousness. No demonstrative value 
can be laid on sensory changes which follow directly on a Jacksonian 
convulsion. 

This widespread consequence of a cerebral injury or convulsive 
attack has been called “‘ diaschisis’”” by von Monakow ({11] p. 237). 
He believes that the shock is so great that it passes backwards, over one 
or more synaptic junctions, to affect the functions of anatomical systems 
remote from the site of the injury. He adds: ‘‘ Es handelt sich auch 
bei der Diaschisis im wesentlichen um Herabsetzung oder Aufhebung 


der Anspruchsfihigkeit . . . der zentralen Elemente fiir Reize 


innerhalb eines bestimmten physiologisch wohl definierten Erregungs- 
kreises; dieser Kreis fillt indessen mit dem gewdhnlichen, von der 
Peripherie und vom Zentrum aus sich ausdehnenden physiologischen 
Innervationswege nicht zusammen.”’ 

Now, whatever we may think of this exclusively anatomical stand- 
point, the widespread effect of a strictly local injury of the cortex is 
undoubted. It is impossible to say, in the early days of a wound of the 
head, how much of the loss of sensation is due to destruction at the 
site of the lesion and how much to irradiation. The profoundness of 
the effect is even more disconcerting than its wide extent. Not only 
is sensation disturbed over a larger area of the body than might have 
been expected from the situation of the injury, but the character of the 
loss differs fundamentally from that found with a stationary lesion of 
the cortex. Slowly, day by day, sensation returns to those parts of the 
body which do not correspond to the focus of disturbance. At the 
same time, the nature of the sensory loss changes; it no longer consists 
of a gross defect of tactile, painful and thermal sensibility, but, in 
favourable cases, begins to assume the characters I have described in 
this paper. 

All aspects of cerebral activity are liable to undergo similar profound 
and extensive changes in consequence of trauma; these are particularly 
evident in the phenomena which follow cerebral concussion. At first 
the patient lies in flaccid unconsciousness, with shallow breathing, 
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scarcely able to swallow fluid placed in his mouth. Then the lower 
centres recover from the shock and he becomes restless and even 
violent. As normal consciousness returns he grows amenable to control 
and his conduct is no longer dominated by the activities of the lower 
functional levels. 

In the same way, on the sensory side, the gross effects produced by 
the initial lesion, or by a subsequent operation, gradually pass away. 
If the wound heals well and there are no epileptiform attacks, all the 
initial loss of sensation may disappear. But, if the lesion lies over the 
post-central convolution, some defect of sensibility may remain for 
months or years in that part of the body which corresponds to the 
focus of the lesion. This loss is never completely hemiplegic, provided 
the cortex alone is injured; it occupies a part only of the opposite half 
of the body and may even be confined to a few digits on the hand. 

It is most instructive to watch the order in which the sensory loss 
gradually diminishes. The outlying parts become normal and sensi- 
bility is defective in those parts only, which formed the focus of the 
previous disturbance. Thus in No. 23 the whole hand was affected ; in 
addition the records at the wrist, elbow and great toe originally showed 
some loss of recognition of passive movement. These three joints 
became normal within six months of the injury. During this recovery 
the sole of the foot regained its sensibility to the tactile hairs, which had 
been profoundly disturbed. Coincidently with the gradual restriction of 
the affected area came a diminution in the severity of the sensory loss 
on the various parts of the hand; the amount of the loss to measured 
movement and to the tactile hairs became less, even over those fingers 
which were most affected. 

But when once the wound has firmly healed, particularly if the 
opening in the skull is small and does not pulsate, it is remarkable how 
constant may be the extent and character of the sensory changes. 
Such are the cases which form ideal material for determining the part 
played by the cortex in sensation. Much can, however, be learnt from 
less perfect examples, provided care is taken to eliminate the effect of 
shock and other transitory consequences of cerebral injury. 


§ 1.—Representation of Parts of the Body. 


Many of the tests I have used are not applicable to any part but the 
hand ; for instance, the power of discriminating different weights and 
textile fabrics can be explored over the feet in the rarest instances only. 
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Even such a universal test as the compass-points does not yield 
equivalent results on the hand and on the foot. For, on the palmar 
aspect of the tips of the fingers, the two points applied at the same 
moment can be recognized in many cases, when they are separated 
by 0°5 cm.; whilst on the sole of the foot it is not possible to depend on 
correct answers at a smaller distance than about 2°5to3cm. Thus, if 
the power of discrimination were reduced to one half, good readings 
might be obtained on the hand at 1 cm., but on the foot we should 
be compelled to separate the two points to a distance of at least 5 to 6 cm. 
In the same way the range of this test is greatly limited on the forearm, 
where it is impossible in a normal person to be certain of obtaining 
a complete series of corre¢t answers under about 4 cm. Over such parts 
the two points must be separated so widely, before we can obtain even 
a normal threshold, that the limits within which the test can be applied 
are rapidly exceeded, whenever sensibility is affected to any considerable 
degree. Again, it must not be forgotten that the sole of the foot is the 
equivalent of the palm of the hand and not of the fingers. As we cannot 
use the compass-test with any satisfactory results on the toes, we are 
unable to explore the condition of the distal segments of the lower 
extremity ; the first evidence of changed sensibility must be drawn from 
the penultimate parts of the limb. 

Similar difficulties apply to all the other tests, and the results 
obtained from the feet are always less distinctive and coarser than those 
from the hand. - As far as the face is concerned, most of them are quite 
inapplicable. It is impossible to test the power of appreciating passive 
movement, or recognition of weight, form and the situation of the 
stimulated spot. Fortunately, however, in the voluntary movements 
of the face and tongue, we possess a delicate measure of any loss of 
motor power that may be caused by the lesion. By this means it 
is often possible to decide whether the main impact of the injury 
has fallen on the centre for the face; if so, the sensory changes in 
the hand may be due to its radiating effect and if so should ultimately 
disappear slowly. If they are still present at the end of six months, they 
are probably caused by some permanent destruction of cortical tissue 
affecting the arm-centre, although the main incidence of the lesion has 
fallen on that for the face. 

In the same way, the sensory changes in the hand may be accessory 
to a more severe disturbance of function in the foot. Passive movements 
may be badly recognized in the great toe, at the ankle and even at the 
knee ; the compass-points may not be appreciated at 10 cm. on the sole, 
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and no threshold obtained with the tactile hairs. Obviously, in such a 
case the sensory changes are extremely gross and the cortical centre for 
the foot has been badly injured. But the loss of sensation in the hand 
may occupy one or two digits only and be of a more delicate character ; 
the various forms of sensory activity may be dissociated, one may be lost 
over the affected parts, whilst another is entirely unaffected. In such a 
case it is evident that the hand does not lie in the central focus of the 
disturbance. 

Thus, for all delicate exploration of the sensory faculties of the body, 
we are thrown back on to the hand. Sometimes, in the cases I have 
used for this research, the disturbance of sensation is the result of direct 
injury to that part of the sensory cortex in Which the hand is topo- 
graphically represented ; in other instances it is due to the outlying 
effect of a lesion, that has fallen either on to the centre for the leg or on 
to that for the face. This makes any precise determination of the 
limits of these centres extremely difficult, from such material as I have 
brought forward in this paper. 

But there can be little doubt that the higher the lesion on the 
central convolutions the more certainly will the lower extremity be 
affected, whilst the closer it lies to the Sylvian fissure the more 
definite will be the affection of the face. Thus when an injury 
affects both the face and hand we should expect it to lie lower on 
the surface of the hemisphere than when it disturbed the functions 
of the hand and foot. This is actually the case. 

It is now generally recognized that a lesion of the post-central 
convolution is more likely to lead to definite and severe disturbances of 
sensation than of any other part of the cortex. Here those physiological 
activities, which underlie sensation, are concentrated more thickly than 
at any other part of surface of the brain. The sensory condition of the 
hand or the foot is more or less gravely disturbed, whenever the 
incidence of the injury falls upon this area. If the middle portion 
of the convolution is struck, and the destruction of tissue is not 
severe, the hand alone may be affected; but the nearer the lesion 
lies to the vertex, the more certainly will the foot participate in the 
disturbance. If it happens to lie on the vertical aspect of the 
hemisphere, any affection of the hand that may be present will almost 
certainly be less severe than the loss of function in the lower extremity. 
Conversely, when the injury falls upon the lower half of the post-central 
convolution, some affection of the face and tongue is likely to accompany 
the loss of sensation in the hand. Evidently the sensory activities of the 
hand are more closely represented in the middle of the convolution. 
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But it is possible to determine more in detail the topographical 
representation of the hand upon the cortex. This research has been 
based upon cases where the various fingers were not all in the same 
sensory condition ; sometimes the pre-axial, sometimes the post-axial 
digits were most severely affected. Now whenever the loss of 
sensation reaches its maximum over the thumb and index finger, the 
face and tongue tend to be affected; if the lesion lies in the left 
hemisphere, speech will also have been disturbed, to a greater or 
less extent, at some time in the history of the patient. This is 
shown by the five cases in Table*C where the impact of the wound 
lay mainly over the central convolutions. If, however, the loss of 
sensation was greatest over the little finger and its neighbouring digits, 
it is the foot which tends to show some motor or sensory change. Out 
of seven such cases, four showed some disturbance of the lower extremity, 
although in most instances it was slight and transient; but movements 
of the face and tongue were normal in all and speech had not been 
affected. (Table D.) I do not intend for a moment to assert that, 
because the little finger shows the profoundest changes in sensibility, 
the face and tongue cannot suffer; one of the commonest results of 
a wound of the skull in the region of the central convolutions is to 
produce a more or less transitory hemiplegia. But it is not with these 
cases that I am dealing at present; my interest is centred in those 
where the various digits were in a widely different. sensory condition. 
These are the less:severe cases. It is among them that we tend to 
find this association between the pre-axial parts of the hand and some 
affection of the face and tongue; or, conversely,'a tendency for the 
functions of the foot to be disturbed, when the main loss of sensation 
lay over the little finger. 

Moreover, even the rough verbal description of the locality of the 
injury, given in the last column of the table, brings out the same point. 
For in those cases where the maximum incidence of the loss of sensation 
lay over the little finger, the lesion was usually situated higher on the 
post-central convolution than when the thumb and index were most 
affected. Thus it is evident that the pre-axial digits are more definitely 
represented in the lower part of the centre for the hand, whilst the 
post-axial portions lie topographically higher on the surface of the 
hemisphere. « 

But it must not be supposed that the maximum loss of sensation 
fell either over the thumb or over the little finger in every instance. 
Four of my cases showed preponderating affection of the little finger ; 
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in six the disturbance reached its greatest intensity over the little and 
ring fingers; in one it was more severe over the thumb and in three 
others over the thumb and index finger; in one case the most intense 
sensory loss was found in the index and in another it was greatest in 
Finally, in one instance, it reached its 


the index and middle fingers. 
maximum over the middle finger. 
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affected 
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change 


Middle post-central 


” 


Upper pre-central 
aud post-central 
Upper post-central 
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Middle pre-central 
and post-central 
Middle post-central 


Thus, it is evident that the various fingers are represented topo- 
graphically in the cortical centres; sometimes one and sometimes 
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another lies in the focus of the disturbance. It is convenient to speak 
of the thumb in this connexion as pre-axial and of the little finger as 
post-axial ; but it must be clearly understood that the axis of the limb 
is not represented topographically on the cortex. Certain motor and 
sensory functions of the body are more concentrated at some parts of 
the hemisphere than at others. In the same way, the physiological 
activities corresponding to each separate digit are relatively more 
highly represented in a certain portion of the cortical centre for the 
hand. But axial lines are a conception drawn from developmental 
anatomy; they have no place in the functions of a limb free to move in 
space. From the point of view of sensation, anatomical representation 
ceases as soon as the first synaptic junction is passed. The body is not 
represented on the cortex as an anatomical unity, but only in so far as it 
is capable of undergoing conscious changes in function. Thus, all 
attempts to establish a local representation of such purely anatomical 
factors as axial lines are based upon a false conception of the nature of 
cortical activity, and of the significance of central representation. 

Russel and Horsley [14] were not content with speaking of 
topographical localization of the pre- and post-axial halves of the limb, 
but even postulated the “ representation in the cerebral pallium of the 
mid-axis of the upper limb ” (p. 149): This conception they based on 
no more valid evidence than sensory changes “‘ in the two middle fingers 
of the hand.” This, they say, seemed to thém “such an obvious 
corollary to the pre-axial and post-axial representation we have just 
discussed, that we bring forward the following case as a good example 
of the clinical fact.’’ This case showed nothing more, however, than 
an “‘aura beginning in the third and fourth fingers of the left hand, 
spreading to arm, face, trunk and leg of ths same side,” and seventy- 
three days after removal of a large subcortical tumour, anesthesia to 
cotton wool on the dorsum of the hand with tactile localization 
“towards the mid-axis,”’ 

No better example could be given of the difference between the 
older methods of thought and the conceptions I have attempted to put 
forward in this paper. Sensation is a psychical act, and even the 
regional representation of the processes on which it depends is based 
on functional habits, rather than on phylogenetic development. Each 
digit is a unit and can be used in an isolated act, either of motion or 
sensation ; as such it is represented topographically on the cortex. 

The same rule applies to loss of sensation on the palm of the hand; 
the distribution of the changes in sensibility bears no relation to axial 
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lines, but corresponds to the proximal extension of the affected digits. 
Many of the tests I have applied to the fingers cannot be employed on the 
palm ; but the compasses, tactile hairs and weights can all be used over 
limited areas. If, then, the palm is marked out by lines running from the 
four fingers in the direction of the fold of the wrist, whilst the greater part 
of the thenar eminence is reserved for the thumb, it is found that the 
sensory condition of the intervening portions closely resembles that of the 
digits to which they correspond. 

This is particularly evident in such cases as No. 3, where the 
compass-test was disturbed over the post-axial digits, but tactile 
sensibility was entirely unaffected. This dissociation both in the 
extent and quality of the sensory loss was equally manifest on the 
palm. Over the thenar eminence, and in a line with the index finger, 
his answers to the compasses applied simultaneously were perfect ; but 
over the post-axial portion of the palm they were grossly disturbed, 
even when the two points were separated by a distance of 5 cm. At 
the same time, tactile sensibility was everywhere normal. 

In No. 9 the index and middle fingers showed the most severe loss 
of sensation, but the ring and little fingers were unaffected. On the 
pre-axial side of a line, drawn vertically down the palm from the cleft 
between the third and fourth digits, he was unable to appreciate 
weights correctly, just as on the corresponding fingers. But, on the 
ulnar half of the palm, sensation was entirely unaffected to this test. 
In other cases the tactile hairs revealed exactly analogous changes. 

Thus, it would appear as if the loss of sensibility on the palm, 
produced by a cortical lesion, corresponds roughly both in situation 
and quality with that of the affected digits. There are no “axial” 
lines or borders; as the sensory condition changes from finger to 
finger, so it alters both in quality and intensity on passing from one 
part of the palm to another. 

When sensation is disturbed over the whole of the hand, it may be 
defective at the wrist, elbow, or even at the shoulder. Under these 
circumstances the foot usually participates in the sensory loss. This 
is particularly liable to occur when we have reason to believe, from 
other signs and symptoms, that subcortical tissues have been affected ; 
in fact, the deeper the lesion the more certainly will the sensory loss 
assume a hemiplegic distribution. 

Occasionally, however, both hand and foot may be normal to 
measured tests, and yet some more proximal part of the upper or 
lower extremity may show definite loss of sensibility. But these cases 
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are rare. No. 8 is a particularly good example, because not only have 
we definite evidence that both hand and foot were little, if at all, 
affected at an early stage in the progress of the case, but I saw him 
for the first time six weeks after he was wounded and could discover 
no gross changes, except at the elbow and to a less degree at the wrist. 
Recognition of passive movement was profoundly disturbed and the 
tactile hairs also revealed considerable sensory loss over the forearm. 
No measurable defect could be discovered in the palm and digits; 
introspectively, however, he found it more difficult to make up his 
mind with certainty over the hand of the affected than of the sound 
limb. The lower extremity was in every way normal. In this case 
the elbow evidently lay in the focus of the cortical disturbance, and 
the wrist suffered to a less degree. 

All experimental evidence points to the topographical representation 
of the various movements of any one limb in different parts of the 
cortex (Sherrington and Griinbaum [16]). Of all the centres associated 
with the upper extremity, that for the fingers and thumb lies lowest on 
the precentral convolution ; then follow in order those for the wrist, 
elbow and shoulder. Between the shoulder and the hip, lies the area 
devoted to movements of the trunk. 

Now, I have already shown that, from a sensory point of view, a 
lesion which affects the thumb and little finger is liable to be accom- 
panied by some defect in speech or disordered movement of the face 
and tongue. Thus of all the centres devoted to the physiological 
activities underlying sensation in the hand, that for the thumb must 
lie lowest on the surface of the brain. Conversely, the foot occasionally 
shows some loss of sensibility, when the maximum disturbance lies over 
the little finger; this digit must therefore be represented in the highest 
part of the cortical centre for the hand. 

It follows, as a corollary to this conclusion, that, whenever the little 
finger shows gross changes in sensibility, the wrist also tends to be 
affected. Should the whole hand be involved, but the maximum loss 
lie over its post-axial parts, not only the wrist, but the elbow and 
shoulder, may show some defective recognition of posture and passive 
movements. 

So far I have shown that the disturbance of sensation produced by 
a cortical or subcortical lesion tends to follow a regional distribution 
corresponding to the contiguity of the centres on the cortex. But it is 
the functions, rather than the anatomical relationships, of any one part 
of the body that are represented. Consequently those portions, such 
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as the hand, which are endowed with the greatest powers of discrimi- 
native sensibility, are represented, and to the highest degree, in the 
sensory cortex ; for the fingers and thumb of man are little more than 
stalked sense-organs. Next in order comes the sole of the foot, which 
constantly exerts discriminative activity in walking. One of my 
patients (No. 6), in whom the right foot was affected, said: ‘““ When I 
am in the dark, I always take my feeling from my left foot, whereas 
before I always used to test the ground with my right. I have changed 
‘over since I was wounded.”’ 

In consequence of this more exclusive representation, the hand and 
the foot may suffer, although the sensory functions of the intervening 
joints are not measurably disturbed. In No. 20, for example,:all the 
digits were affected, but the grossest loss of sensibility was found in 
the little and ring fingers; the wrist showed slight want of recognition 
of passive movements, but the elbow and shoulder were normal. In 
spite of the escape of these two joints, the great toe was affected and 
the sole of the foot showed an introspective difference to the tactile 
hairs. In a similar way it is possible for the great toe and the sole to 
show sensory changes, and for the little finger to be affected, although 
passive movements are perfectly appreciated at the ankle. 

Thus, although the cortical centres are arranged according to the 
relative position of the different parts of the body, a lesion of a definite 
area does not, of necessity, disturb sensation in this anatomical order ; 
hand and foot may suffer without obvious loss at the elbow and 
shoulder. The extent of cortical representation depends on the degree 
to which function is developed. The hand, with its five mobile digits, 
stands at the head of this functional hierarchy. It is therefore most 
highly and most widely represented in the sensory cortex. It is 
important to remember that even the regional representation of parts 
of the body, as revealed by a cortical lesion, is governed by the 
degree of functional development rather than by purely anatomical 
considerations. 


§ 2.—Representation of Sensory Functions. 


The part played by the cortex in sénsation is concerned with those 
physiological processes which underlie projection and discrimination. 
I have attempted to show that these activities fall into three groups; 
they are represented on the sensory side by appreciation of relationships 
in space, by appropriate reactions to stimuli of different intensities, and 














— 


SENSATION AND THE CEREBRAL CORTEX 1738 


by recognition of the similarity and difference in test-objects of various 
weights and shapes. 

We saw reason to believe that these three aspects of cortical activity 
were not always affected uniformly, or in any constant relation to one 
another. In one case the spacial tests yielded normal results, in spite of 
considerable defects in the remaining aspects. of sensation; whilst in 
some instances the tactile hairs, or in others the graduated weights, 
failed to show any abnormality. 

These are, however, extreme examples, but they demonstrate that 
the three aspects of sensibility cannot be equally represented in all parts 
of the sensory cortex. Even cases where the dissociation is less com- 
plete point in the same direction; for it is not uncommon to find that 
one group of tests shows a disturbance of sensibility in five digits, 
whilst another group reveals defects in one finger only. 

These three faculties might have stood to one another in some such 
relation of graduated complexity as that which we discovered for 
appreciation of tests in three-, two-, and one-dimensional space. The 
cortex is the organ for controlling and guiding voluntary movement, and 
recognition of the relations of the body in space is one of its most 
important functions. It would not, therefore, have been unreasonable 
to suppose that whatever the changes on the afferent side produced by a 
lesion of the cortex, this aspect of sensibility would suffer. To a 
certain extent this is true. But at the same time the existence of one 
such case as No. 7, where the spacial tests gave normal results, shows 
that the physiological processes underlying the three forms of sensibility 
can be completely dissociated by injury to different parts of the cortex. 
They must then be based on processes which can be disturbed 
independently. 

Moreover, if the three functions stood in a graduated relation to one 
another, one aspect of sensation would always show a more severe and 
more extensive disturbance than either of the others. But this is not 
the case; sometimes one group of tests, sometimes another, reveals a 
disturbance of greatest severity and widest extent. If we take passive 
movement, the tactile hairs and graduated weights as representative 
means for exploring the three sides of cortical sensibility. Table E 
shows to what extent they may be affected independently of one 
another. 

Such extreme dissociation shows that the maximum activity of all 
three physiological processes cannot be situated within the same region 
of the sensory cortex. Each one must be represented more highly at 
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some part than at another; in this way it may sometimes be more 
severely affected than its fellows, and at others may escape entirely. 
But any attempt to demonstrate the locality of the centres for the 
various aspects of sensibility is hampered by the extreme difficulty of 
determining the incidence of the lesion. One wound extends deeply 
and produces widely radiating changes, both anatomical and physio- 
logical ; another, less severe, in an identical situation, may be followed, 
after the first shock has passed away, by changes in sensation which 
reveal the functions at the site of the lesion. Not only is it difficult to 
gauge the extent and severity of the original injury, but we can 
rarely tell how far the activity of the surgeon extended amongst the 
structures of the brain itself. All cases are not of equal value, from 
the point of view of topographical localization. Some showed evidence 
of severe destruction of tissue; they had been trephined, the dura was 
found to have been ruptured and disintegrated brain was removed at 
the operation. In others the skull had not been opened and may not 
even have been fractured; and yet there were obvious signs that the 
cortex had been structurally affected. 


TABLE 





E. 


| 
Case | Measured movement Tactile hairs Weights Situation of lesions 


| 

















——| —— | hh 


No. 18 0 3 digits 2 digits Inferior post- and pre-central 
| touching Sylvian fissure. 
(Trephined, cerebral substance 


| removed) 
No. 3} 5 digits 0 2 digits | Middle post-central. (Trephined, 
| extradural blood-clot removed) 
No. 21 | Whole hand and 0 Defective | Middle pre-central. (Trephined ; 
up to elbow no notes, but on arrival dura 


open and brain substance 
protruding) 





No. 16 | Whole hand and 0 Gross loss over | Middle post-central. (Very small 
| upper extremity whole hand removal of bone. Dura lacer- 
ated; hemorrhage from vessel 
° of dura) 

No. 2 4 digits 0 | ldigit(slow |Middle post-central. (Not 

(1 digit intro- and intro- trephined) 
spective) spective) | 
No. 19 | 5 digits 2 digits slightly 0 Middle pre-central, post- 
(1 digit intro- central and superior parietal 
spective) | lobule. (Trephined ; brain pulp 
removed) 

No. 13 4 digits 5 0 | Inferior pre- and post-central, 
| (3 slight only) very low. (Trephined ; blood- 
| clot and ruptured brain matter 

removed) 

No. 22 5 digits 3 introspective | 0 Pre-central extending into 
only | middle post-central. (Small 


trephined area. No notes) 
Middle pre- and post-central. 
(Not trephined) 


No. 14| 2. digits 2 digits 0 


| 
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All attempts to localize the site of the various forms of sensory 
activity, with the help of such material, must be purely tentative. But 
by comparing the cases where one function was gravely affected with 
those where it had escaped entirely, we arrive at certain general 
conclusions. 

First of all, we are justified in asserting that a lesion situated 
anywhere within a certain area on the hemisphere will disturb somatic 
sensibility to a greater or less extent; this is the so-called ‘‘ sensory 
cortex.”” It consists of the pre- and post-central convolutions, the 
anterior part of the superior parietal lobule and the angular gyri. 
Loss of sensation may show itself in the hand even though the lesion 
lies low on the pre- or post-central convolutions in a position associated 
with the centre of the face. Conversely, when it is situated so high as 
to come within the area usually assigned to the lower extremity, the 
hand may show characteristic sensory abnormalities. But, whenever 
the main incidence of the lesion falls on those parts which contain the 
centres for either the leg or the face, the character of the sensory loss 
in the hand tends to be peculiar; one form or another of sensation may 
be entirely unaffected or show comparatively slight alteration. 

Injury anywhere within this ‘‘ sensory area’’ on the hemisphere is 
liable to cause some loss of appreciation of spacial relationship in the hand 
or in the foot. But the further forward it lies within this region, the 
grosser and more extensive is the disturbance shown by the spacial tests. 
Thus in No. 21, where the whole hand and elbow showed want of recogni- 
tion of passive movements, the lesion lay over the middle of the pre- 
central convolution ; but tactile sensibility was completely unaffected. If 
the middle of the post-central convolution is struck by the injury the 
spacial aspects of sensibility are usually profoundly diminished in the 
hand; but some other faculty is also disturbed at the same time. 

The power of recognizing differences in weight and form is most 
severely and most extensively affected by a lesion, which falls mainly 
over the post-central convolution. But these tests can rarely be applied 
to the foot with any satisfactory result; for this reason we are only 
justified in saying that, if the lesion lies over the middle of the post- 
central convolution, the faculty of appreciating similarity and difference 
in objects of various weights and shapes, placed in the hand, will be 
more or less profoundly affected (No. 3, No. 16, No. 20). Among the 
patients in whom this form of discrimination was not disturbed the lesion 
was mainly pre-central in two (No. 13, No. 22); in two other cases it lay 
in the supra-marginal region and the loss was extremely slight (No. 10, 
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No. 23). In all four instances the injury fell either mainly in front of 
or behind the post-central convolution. 

The most surprising conclusion is reached in those cases where the 
power of responding appropriately to stimuli of graduated intensity was 
impaired. The most frequent consequences of a lesion within the 
“ sensory area” of the cortex is some loss of recognition of spacial rela- 
tionships and of similarity and difference ; this is the well-known group 
of symptoms sometimes called “‘astereognosis and atopognosis.” It is 
notorious that in many cortical cases tactile sensibility is not disturbed, 
even when we employ such fine tests as the graduated hairs. But in 
other instances this faculty is profoundly affected; in No. 10 the loss 
exceeded that of any other form of sensibility, and here the lesion 
lay over the supra-marginal convolution. The power of responding 
adequately to stimuli of graduated intensity was diminished, throughout 
my series of cases, whenever the focus of the injury lay over the superior 
parietal lobule (No. 5), over the supra-marginal region (No. 10), or over 
the foot of the post- and pre-central convolutions (No. 13 and No. 18), 
It is noticeable in other instances that, when the lesion was situated over 
the lower part of the central convolutions, tactile sensibility tended to 
show characteristic changes, even though other forms might also be 
profoundly disturbed. But the higher it lies on the hemisphere and 
the further forward its situation, the less will be the affection of tactile 
sensibility. Thus it is possible to construct 4 zone, running backwards 
along the foot of the pre- and post-central convolutions, over the angular 
and supra-marginal gyri to the superior parietal lobule. Any lesion 
which falls mainly within this area will probably be associated with 
disturbance of tactile sensibility; if this is severe and extensive, the 
patient may also be unable to distinguish various degrees of warmth 
about which he has no doubt on the normal hand. 

Thus, the three aspects of sensibility, which are due to cortical 
activity, are not all equally represented in different parts of the sensory 
cortex. The spacial tests are most profoundly affected, when the lesion 
affects the pre-central convolution. The faculty of appreciating 
similarity and difference, in objects of different shapes and weights, 
suffers most with an injury of the post-central convolution ; whilst the 
power of responding to the various degrees of intensity of such stimuli 
as the graduated hairs or warm test-tubes is most certainly diminished 
by a lesion of the parts behind the post-central convolution and also 
its extreme foot. That is to say, the centre for the spacial elements 
lies mainly in front, that for response to varying intensities behind, and 
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that for recognition of similarity and difference between them. At the 
same time these roughly vertical areas fall somewhat obliquely, so that 
the representation of the thumb is much farther forwards than that 
of the foot. 


CHAPTER IX.—GENERAL CONCLUSIONS.’ 
§ 1—The Significance of Dissociated Sensibility. 


We have been able to show, that between the impact of a physical 
stimulus and the sensation it evokes, a multitude of changes occur, 
which do not normally enter consciousness. These are essentially 
physiological and can only be discovered by some form of dissociation. 

The day of the a priori psychologist is over as far as sensation is 
concerned. A man can no longer sit in his study and spin out of 
himself the laws of psychology by a process of self-examination. For 
we have been able to show that, at a level deeper than any he can reach 
by introspection, are prepared those states, which condition the nature 
and characteristics of the ultimate sensation. Appreciation of position 
in space, graduated response to stimuli of varying intensity, and recog- 
nition of the similarity and difference of objects in contact with the 
body, were all thought to be matters of “judgment.”” We have shown 
that the forms assumed by these aspects of sensation are ordered and 
predestined on the physiological level, as the result of innumerable 
integrations, which take place outside consciousness. These processes 
are not open to conscious analysis; it is only the interplay of sensations 
that can be discovered by introspection. 

The psychologist, who attempts to discover a strict psychophysical 
parallelism, ignores the central link of the problem. He assumes that 
the nature and conditions of the physical stimulus can be brought into 
direct relation with the psychical act of sensation. Light can be 
analysed by the spectroscope into certain constituents, and he attempts 
to establish a strict correlation between these “‘ primary colours’’ and 
elementary visual sensations. This fundamental error vitiates much 
of the work on the psychology of the senses. It is only under artificial 
conditions, that the physiologist can foretell exactly what reaction will 


. 


* It will be evident that most of the ideas expressed in this chapter are based upon the 
theories of Hughlings Jackson (especially [10]) and the brilliant experiments of Sherrington 
[15], but I have thought it better not to interrupt my exposition in order to attribute to 
their originators conceptions, that form the basis of our present neurological knowledge. 
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follow a given physical stimulus; previous occurrences in the tissue 
may entirely change the nature of the response. Adaptation, biphasic 
activity and facilitation form a normal part of the vital activity of the 
nervous system; they may intervene between a measured physical 
stimulus and the physiological effect, and make it impossible to establish 
a direct and immediate correlation. 

Therefore, between the impact of some physical force on the tissues 
of the body and the psychical act of sensation, are interposed reactions, 
which, in many cases, cannot be predicted. What wonder that those, 
who examined the phenomena of the senses at first hand, were dis- 
satisfied with current psychological teaching. The neurologists were 
driven back more and more on to an examination of changes in 
structure. They found that, when certain conducting paths were 
destroyed, sensation was disordered in a definite manner. From this 
they justly concluded, that the affected paths carried certain specific 
impulses ; and in this they were strictly within their rights. Out of 
this examination of the loss of sensibility, caused by lesions of the 
spinal cord and brain-stem, grew the dissociation method, which is the 
basis of this research. 

But many workers on these lines failed to recognize the significance 
of the method they employed. They ‘discovered that dissociation 
occurred as a consequence of injury to various tracts in the spinal cord ; 
for instance, sensibility to pain, to heat or to cold may be disturbed as 
an isolated manifestation of a lesion of the lateral columns. This is 
due to interference with the conduction of impulses, which have already 
undergone a certain amount of qualitative integration. It is the most 
easily determined form of afferent dissociation, and the results seemed 
to coincide closely with the conceptions usually held of the natural 
divisions of sensation. 

Lesions of the spinal cord can abolish sensibility to pain, heat, 
and cold, and any one of these qualities of sensation may be lost, 
although the others remain more or less undisturbed. But this 
is not the case with lesions, either of the peripheral nervous 
system, or of the cortex; they produce changes which cannot 
be classified strictly in this manner. There is a tendency, there- 
fore, to confine the term “ dissociation’’ to those cases, where 
sensibility is lost to touch, to pain, to heat or to cold, either in 
an isolated form or in some specific combination. Other sensory 
changes are spoken of as a “‘hypo-esthesia”’ ; and the French include 
all modifications of sensibility, except anesthesia and hyper-esthesia, 
in the term “ paresthesia” ([2] p. 785). 
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But under both these expressions lies the false assumption, that 
afferent impulses are isolated specific reactions to four categories of 
sensory experience. Let us then avoid the use of these question-begging 
terms, and in each case determine the exact form assumed by the abnormal 
response. The researches summarized in this paper show, that the sen- 
sory elements revealed by dissociation differ according to the site of the 
lesion. Division of the peripheral nerves, at any rate in the limbs, 
reveals the specific characters of deep and superficial sensibility. 
Whatever may be the phylogenetic significance of this dissociation, it 
corresponds in man mainly to a difference in the situation of end-organs 
and in the course of afferent fibres. In the spinal cord this peripheral 
grouping has been broken up ; dissociation reveals, on the one hand 
qualitatively distinct groups of impulses travelling in secondary paths, 
on the other it may expose the primary spacial and discriminative 
elements of sensibility, which travel up uncrossed in the posterior 
columns of the spinal cord. ; 

At each anatomical situation in the central nervous system, dis- 
sociation assumes forms appropriate to the functional combinations of 
afferent impulses at that point. Finally a lesion of the cortex causes 
changes which can be expressed in psychical terms only. The 
physiological substrata of sensation are disturbed, and the defects 
appear as want of discrimination. This is not a “ hypo-esthesia”’ or 
“ paresthesia,” but a definite loss of power to recognize spacial 
relationships, graduated intensity, and similarity or difference in objects 
in contact with the body. 

Analysis of afferent impulses, on their passage through the central 
nervous system, tells us nothing of their origin or final fate. If 
we wish to learn how they arose, we must produce an analogous 
dissociation in the peripheral nervous system; and their ultimate 
grouping can only be shown by breaking up those complex physio- 
logical activities, which directly underlie sensation. At either end 
of the physiological chain, we are brought face to face with 
elementary processes. At the periphery, we see how a measurable 
physical stimulus is transformed into various physiological reactions. 
At the other end we can observe the ultimate condition of these 
impulses, in the act of subserving sensation, after they have undergone 
integration and selection. 

Now the grouping of afferent impulses, on their way from the 
periphery to the highest physiological centres, is of considerable theo- 
retical interest and profound diagnostic importance. But it reveals 
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little or nothing of the reactions of the sensitive tissues to the impact 
of physical forces, or of the physiological basis of sensation. Conse- 
quently, whilst the practical neurologist tends to concentrate his 
attention on the mode of conduction, the physiologist and psychologist 
are interested primarily in the conditions at the two ends of the 
physiological chain. 

It is therefore important that we should appreciate clearly the 
significance of the facts of dissociated sensibility. We have laid down 
that the superficial structures of the body are innervated by two 
mechanisms, one of which we say exhibits more primitive characters 
than the other. Removal of epicritic sensibility exposes the activity 
of the protopathic system in its full nakedness. In the same way, 
when removal of the influence of the cortex cerebri sets free the 
optic thalamus from control, sensation assumes an overwhelmingly 
‘thalamic ’’ character. 

In each case a lower, more primitive organization, is permanently 
kept under control by the activity of a higher afferent system. But 
removal of this dominant mechanism does not reveal the functions 
of the phylogenetically older organs in all their primary simplicity. 
The original thalamencephalon contained elements, not only of the 
human optic thalamus, but also, in a crude form, of certain physio- 
logical processes, now entirely relegated to the cerebral cortex. Even 
the specific activity of this original thalamus was incomparably less 
highly developed than the dissociated thalamic functions of man. A 
lesion, which sets free the human optic thalamus, produces a highly 
specialized series of phenomena, which have never existed in this 
form in phylogenetic history. For a sensory reaction is the product of 
the activity of two great receptive centres; as we ascend the biological 
scale, each of these two physiological organs takes over more exclusively 
the initiation of certain aspects of sensation. 

The setting free of a primitive activity from higher control reveals a 
condition, which is a part of the complete act and does not reproduce an 
ancient mechanism in its original form. This is evident in such a 
reaction as the ‘ mass-reflex,” which may make its appearance, 
under favourable conditions, when the human spinal cord has been 
completely divided [5]. On pricking almost any part below the 
lesion, the movements evoked consist of flexion of the lower extremity 
at all joints, accompanied by an upward movement of the great toe. 
No primary extension occurs under such conditions, but the reaction is 









always a defensive withdrawal of the part from stimulation. But this 
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is not the only effect ; the bladder and rectum are excited to evacuate 
their contents prematurely, and a profuse outburst of sweating may be 
evoked by pricking the sole of the foot. Local signature has been 
abolished, and the response has assumed a massive and primitive 
character. Normally, this old protective reaction is dominated by 
centres in the mid-brain; its flexor movements are employed as an 
element in the assumption of posture, and the overflow of energy into 
the visceral system is inhibited from above. When this control is cut 
off, by division of the spinal cord, flexion occurs alone; but it now 
appears in its primitive form, as a massive reflex response, accompanied 
by visceral activity. This reaction is more perfectly and specifically flexor, 
than that which occurs in the dog under similar circumstances. For, in 
the lower animals, the specialization of function is less complete, and, 
when dissociation occurs, the separated spinal cord still retains certain 
functions, which in man have been assumed by higher centres. No 
flexor response is so free from postural characters, as that obtained from 
the human spinal centres, after complete division of the cord. In the 
same way, the reactions of the optic thalamus in man, freed from cortical 
control, are an almost perfect expression of the non-discriminative 
aspects of sensation. 

In this way many lower activities are retained in a controlled form 
and are not abolished in the course of evolution, because they may be 
required, at some time or another, for their primitive purpose. Under 
abnormal conditions, painful impulses of visceral origin can break 
through the normal resistance against them and appear in consciousness 
as a sensation. If so, the distribution of the areas of tenderness repre- 
sents an old segmental arrangement of the central nervous system, and 
the reflexes, especially of the abdomen, take on a protective character. 
This is also the case with the curious diffuse sensation, which alone 
represents superficial tactile sensibility over protopathic parts. It is 
normally dominated by more discriminative aspects of touch, but is not 
abolished ; for, under suitable conditions, even in normal life, it may 
appear as a diffuse and intolerable itching. 

Pain is the oldest defensive reaction, and potentially painful stimuli 
are the basis of all primitive reflexes. It is, therefore, of importance 
for higher development, that these impulses should be rendered less 
effective in favour of those impressions which can lead to a more 
discriminative response. But, although they are controlled and even 
abolished, the mechanism underlying the production of pain must 
remain in full physiological activity, ready to play its part, should 
occasion arise, in the defence of the body against noxious influences. 
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The functions of the central nervous system are not a palimpsest 
where a new text is written over an earlier manuscript partly erased. 
The more primitive activities have been profoundly modified by the 
advent of the new centres, which utilize some of the faculties originally 
possessed by the older mechanism. In many cases the higher function 
could not be exercised without the existence of those lower powers 
which it dominates and controls. Postural reflexes, strictly adapted to 
conditions of space and time, could not occur without the outburst of 
energy which occurs in lower spinal centres on peripheral stimulation. 
The afferent impulses, which pour into the cerebellar system from the 
limbs, can only manifest their existence through the lower motor 
activities they co-ordinate. In the same way, the part played by the 
sensory cortex is based upon the activities of the optic thalamus; with- 
out crude sensations of heat and cold, discrimination would be 
impossible, and the finer thermal relations could not be appreciated. 

When dissociation occurs, either on the reflex or psychical level, 
the manifestations represent that portion of the complete function 
which still remains active. If the factor, which has been eliminated, 
exercised some control over that which remains, primitive characters 
may appear which are not manifest under normal conditions. Should 
the function lost belong to the same level as that which remains, the 
loss of the one does not materially affect the other. But, when one of 
them is higher in the functional hierarchy than the other, the removal 
of the dominant influence sets free the lower activities to manifest 
themselves unchecked. 


$ 2.—Integration. 


3etween the impact of a physical stimulus on the peripheral end- 
organs of the nervous system, and the simplest changes it evokes in 
consciousness, lie the various phases of physiological activity. The 
diverse effects produced on the living organism by a stimulus are 
sorted, combined and inhibited in their passage through the central 
nervous system and the ultimate results finally act upon their appro- 
priate centres. This process of integration takes place apart from any 
direct participation of consciousness ; and, by the time afferent impulses 
reach one of those centres, where they can form the underlying basis 
of sensation, they have been profoundly modified. Such integration is 
the essential task of the central nervous system; it is carried out by the 
exercise of certain functional activities, which I shall now consider 
from their theoretical aspect. 
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We are accustomed to think of the external stimuli we employ in 
scientific investigation, as if they were simple physical conditions; thus 
we speak of the effects produced by ‘‘a temperature of 45° C.”’ But in 
reality the stimulus is always an external object, which evokes a 
multitude of physiological reactions; it is not only warm, but has 
certain tactile values, and a definite size, shape and texture. From the 
physiological point of view, a simple stimulus is an abstraction and an 
external object is a group of functional events. 

Each aspect of the complex stimuli of daily life acts on one or more 
peripheral end-organs; in this way, the physiological response is 
rendered more or less specific at its inception. From the first impact 
of a hot or cold object on the skin, the presence of the heat- and cold- 
spots ensures that under normal conditions, the reaction will be specific. 
Any temperature, which excites the cold-spots, generates a set of afferent 
impulses capable of evoking a sensation of cold. Whatever their 
ultimate fate, they are stamped from the beginning with a certain 
character, for they are capable of exciting the activity of those terminal 
physiological centres which subserve thermal sensibility. 

So far, the conception we have put forward corresponds to the 
original doctrine of specific nerve energy. The older investigators 
believed that an impulse, once started in specific end-organs, travelled 
unchanged to the highest receptive centres, to evoke a response 
corresponding in quality and degree to the sensory attributes of the 
physical stimulus. Such a theory ignores the fact that a temperature 
of 45° C. is an effective stimulus to the heat-, the cold-, and the pain- 
spots, and yet, under normal conditions, produces a sensation of 
pleasant warmth only. In such a case, a definite physical condition 
excites three separate groups of end-organs. The impulses evoked are 
specific in quality ; excitation of the cold-spots produces a sensation of 
cold, although the stimulus is a temperature of 45° C., and even 40° C. 
can evoke pain in the absence of the dominant thermal mechanism. 

The simplest physical condition acting on the peripheral nervous 
system, may produce afferent impulses which are incompatible from 
the point of view of sensation. But the stimuli of daily life are not 
simple ; they are extremely complex, and give rise to a multitude of 
diverse impressions. These must be sorted and regrouped; some are 
facilitated; others are repressed before the final sum is presented to 
consciousness. Many afferent impulses remain on the physiological 
level and never form the basis of a sensation; they are destined to 
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control reflex activity, or to co-ordinate movements of the body and 
limbs. 

Such integration is the task of the central nervous system, and it is 
carried out by means of a series of receptors, which guard certain 
synaptic junctions on the centripetal paths. These are in reality end- 
organs, exposed to the influence of the complex mass of afferent 
impulses generated in the peripheral nervous system by the impact of 
an external stimulus. They are not influenced directly by the forces 
of the world around ; they react to the diverse physiological conditions 
produced by the action of physical stimuli on the receptive mechanism 
at the periphery. Like resonators placed in a concert hall, each group 
picks up those qualities to which it is attuned, and refuses those with 
which it is not in harmony. This process is repeated throughout the 
central nervous system, until the final products of integration come to 
act on two terminal physiological centres, the cortex and the optic 
thalamus. Here they excite those conditions which underlie the more 
discriminative or more affective aspects of sensation. 

But we must not forget that the larger number of afferent impulses, 
arising in peripheral end-organs, do not traverse the whole length of the 
central nervous system. Their essential task is to excite and co-ordinate 
reflex action without of necessity giving rise to sensation, and the earlier 
phases of integration are undoubtedly adapted to this end. Sensation, 
in the strict sense of the term, demands the existence of consciousness 
and is, therefore, a late development in phylogenetic history. On the 
other hand, reflex adaptation is one of the earliest manifestations of 
multicellular existence, and the central nervous system is pre-eminently 
an organization for controlling reflex activities. 

Such co-ordination could not occur, if there was no qualitative 
selection of afferent impulses at the receptive junctions of the various 
reflex arcs. The main function of intramedullary receptors is to lower 
the excitability of the reflex arc for one kind of stimulation, and to 
heighten it for all others. This ensures a selective response to the 
complex results of peripheral excitation, and at the same time precludes 
many afferent impulses from influencing consciousness. Thus, for 
example, visceral insensibility is a function of the specific reaction 
of receptors, and not the consequence of an absence of afferent impulses. 

Each specific group of end-organs, within the central nervous 
system, works on the same principles; it accepts those elements of a 
massive reaction which can excite it to activity, and rejects those to 
which it cannot respond. At the same time there is evidence to 
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show, that the synaptic junctions are subject to those refractory 
states and phases of heightened receptivity characteristic of all neural 
action. 

These three processes, selection of certain impulses, rejection of 
others, together with biphasic states of the receptive mechanism, are 
sufficient to produce coherent reactions on reflex levels. The move- 
ments evoked by a stimulus bear a strict relation to its quality and 
intensity ; they are also influenced by the conditions to which the reflex 
arc has been previously exposed. Thus, pricking and pressure, applied 
to the sole of the foot, produce different responses; and the nature of 
the antecedent reflexes is of fundamental importance in determining 
the form of the reaction to stimuli of the same quality and strength. 

At this level of neural activity, all functions are simple, but at the 
same time highly organized. The response is rigidly pre-determined 
within certain limits; there is little choice, and the answer is 
physiologically inevitable. In strict accordance with such an arrange- 
ment, we find that the first sorting of afferent impulses within the 
spinal cord is concerned mainly with their redistribution according to 
quality. Those capable of exciting pain are gathered together, what- 
ever their peripheral origin, and all those which can evoke sensations 
of heat are combined into a specific group. 

After these multitudinous impulses have carried out their reflex and 
co-ordinating functions, the remainder are destined to act upon those 
centres which underlie sensation. Here the rigidity of response, so 
characteristic of reflex activity, would be disastrous. The limited 
freedom of the lower levels must be expanded, so that the physiological 
reaction may become less inevitable and more elastic; for we are 
dealing with impulses which are capable, under favourable conditions, of 
exciting consciousness. But the sensations to which they would 
naturally give rise are incompatible, and cannot exist simultaneously. 
Thus 45° C. is capable of producing sensations of heat, of cold, or of 
pain. If they could all coexist in consciousness, mental activity would 
be chaotic and discrimination impossible. The struggle between these 
various impulses takes place, therefore, on the physiological level, and 
the victor alone appears in consciousness as a sensation. 

The simplest sensory act is the result, not only of prolonged 
qualitative ‘integration, but of a constant struggle for physiological 
dominance. In the example I have just cited the answer is under 
normal conditions inevitable. But there are many cases, especially 


within the visceral field, where no general rule can be laid down; the 
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response depends on the patient’s idiosyncrasy or general resistance. 
This may be naturally low to certain afferent impressions and high to 
others. Moreover, his usual reaction may become changed in conse- 
quence of some functional alteration in the activity of the central 
nervous system; impulses may then excite sensation, which would 
normally have remained outside consciousness in its widest sense. 

On the lowest levels of reflex activity, an impulse that is inhibited 
and rendered non-effective is to a great extent abolished. It may 
perhaps exert some influence in determining the future behaviour of 
the receptive synapse; but it is not manifested in any direct and 
immediate change. But on the higher physiological planes, impulses, 
which are precluded from exciting sensation, are not wiped out; they 
may produce a profound and manifest effect, although they cannot 
excite consciousness. The postural impulses, ascending in the posterior 
columns, normally affect two terminal centres. They reach the cortex 
and evoke sensations of the position of various parts of the body in 
space, and at the same time pass to the cerebellum to aid in the co- 
ordination of voluntary movement. But if they are prevented from 
reaching the cortex, the patient may be entirely ignorant of the position 
of his affected limbs, and yet the motions of these parts are perfectly 
co-ordinated. The sensory aspect of these impulses has been abolished, 
but their unconscious activity remains unimpaired. 

The closer we come to those centres, which directly underlie 
sensation, the more evident is it that impulses, which fail to excite 
consciousness, do not of necessity cease to exert amy physiological 
influence. They may be repressed by their successful rivals, but they 
are not therefore abolished. At any moment they may manifest their 
existence if the dominant influence is removed. In the absence of the 
afferent heat mechanism on the periphery, 45 C. produces a sensation 
of cold; if in addition the skin is devoid of cold-spots, the same stimulus 
evokes pain. Under normal conditions, there is nothing to prevent 
this temperature from seeming cold, except the prepotent activity of 
the impulses which are capable of exciting a sensation of heat. In the 
same way this stimulus produces impulses that can cause pain; but 
these are dominated by that feeling of pleasure usually associated with 
warmth of this degree. If, however, for some reason, no coincident 
thermal impulses reach the physiological centres, or if the patient's 
resistance to painful impressions is low, 45° C. may cause pain with its 
customary disagreeable feeling-tone. There is no inherent structural 
block on the passage of these painful impulses. Temperatures as low 
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as 40° C. undoubtedly stimulate the pain-spots; but the impulses so 
produced fail to excite consciousness, because they are repressed by the 
other sensory effects evoked by the same external stimulus. This is 
even more evident on the psychical plane, when we are dealing with 
the interplay of two or more highly organized sensations, or other fully 
developed mental processes. 

Sherrington has firmly established the influence of previous occur- 
rences in a reflex arc on the nature of its immediate response. This 
action of the past, in the event of the moment, is even more evident 
when the afferent impulse excites, not a reflex but a sensation. The 
phenomena of adaptation owe their existence to this factor. Thus, 
under favourable conditions, a temperature of 30° C. not uncommonly 
seems neutral to the normal hand. If, however, it has been soaked in 
hot water for some time, a tube at 30° C. may appear to be cold. Con- 
versely, if the hand has been adapted to cold water, the same tempera- 
ture, that seemed at one time neutral and at another cold, is now thought 
to be warm. The external stimulus is identical, but the reaction is 
fundamentally changed, owing to the diverse dispositions created by 
occurrences in the past. 

The effective influence of the past on the reaction of the moment is 
even more evident in the recognition of spacial relationships. These 
sensations enter consciousness already measured against a postural 
standard, built up out of previous movements, and subject to constant 
change. The dispositions on which this standard depends exist on the 
physiological level, and a normal sensation of posture is based on 
activities that are integrated outside consciousness. 

From the lowest co-ordinated reflexes to the psychical processes of 
sensation, discrimination, and feeling, the part played by the activity of 
the central nervous system is the same, It ensures that impulses of 
similar quality facilitate one another. Conversely, if two incompatible 
impulses are excited together, one is allowed to pass, whilst the other is 
rejected during one of the many integrations, either at a low or high 
level of functional activity. Thirdly, the vital processes of the nervous 
system are responsible for the phenomena of adaptation. No stimulus, 
however mechanically unvaried, can evoke a constant response, because 
the very existence of the impulses it produces changes the disposition 
of the reacting centre. 

The effect of these three simple processes is evident at every level of 
neural function, from the lowest to the highest. If we trace a group 
of afferent impulses from their origin to the final sensations they excite, 
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we find at each stage that the response is given in terms of the function 
exercised at each particular level. Thus the effect produced by a set of 
postural afferents is first manifested in the spacial co-ordination of 
reflexes. Higher in the nervous system their influence is seen in the 
control of posture and regulation of tone. Finally they evoke recog- 
nition of the position and movement of the body in three-dimensional 
space. But, whether the product of their activity be physiological or 
psychical, the same three fundamental processes are evident. 

~ If, then, a receptive centre is thrown out of activity by some 
mechanical injury, the loss of function will be expressed negatively 
in terms of that level. But the positive manifestations will represent 
the various influences that can still be exerted by the blocked impulses. 
Those that can no longer express themselves psychically as a sensation 
can still exert their action on co-ordination and the reflexes. 

The same physiological processes underlie the afferent integration of 

a reflex and the co-ordination of two sensations or even of two concepts. 
But, in each instance, the product of these vital functions is given in 
the terms of the level at which the impulses exert their influence; 
in the one case it is expressed reflexly, in the other it is manifested in 
some psychical act, such as sensation. 


§ 3.—Projected Sensations. 


In the less highly developed forms of animal life the body is com- 
posed of many segments, each of which retains a considerable degree of 
autonomy. With the process of evolution the headward parts become 
increasingly dominant; they contain what Sherrington calls the 
‘distance receptors”, organs, such as the eye, associated peculiarly 
with projected sensations. 

As far as somatic sensibility is concerned, it is the body and limbs 
which contain the “distance receptors”; but the cerebral cortex forms 
the highest physiological centre for all but the simplest projectional 
aspects of sensation. When the influence of the cortex is removed, and 
the optic thalamus exerts its activity uncontrolled, the patient may cease 
to associate his sensory experiences with any external agency. He com- 
plains that he is being hurt, or that something is happening to him, 
but fails to recognize that he is being pricked with a pin. Removal of 
the cortical factors in sensation has reduced to elementary proportions 
the power of projection, as we know it in the intact human being. It 
is no longer possible to recognize the size, shape, weight, and spacial 
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relations of an external object, nor, indeed, to appreciate the relative 
intensity of the stimulating action it excites. 

All these aspects of sensation are said to be projected ; we attribute 
them to something inherent in the external object. The affective con- 
sequences of a stimulus betray its relation to ourselves; it is pleasant 
or unpleasant, salutary or harmful. But the projected sensations reveal 
to us the world without. They are responsible for recognition of our 
relations in space; to them we owe conscious appreciation of degrees 
of sensory intensity and the power to appraise the similarity or 
difference of external objects. 

These factors in sensation do not depend primarily on “ judgment ”’ 
or “‘association’’; for, on the physiological level, afferent impulses 
possess projectional characteristics. The same class of impressions 
which underlie discriminative sensibility can be discovered at work 
controlling and regulating purely unconscions actions. Analysis of 
the reflexes, even in man, shows that the character of the response 
depends not only on the quality, but on the position of the stimulated 
spot; scratching the sole of the foot is followed by a different move- 
ment from that caused by stimulating the skin of the thigh. 

Study of the reflexes at higher functional levels shows that they are 
governed by remarkably complex projectional relations. So purposeful 
and varied is the response that it is difficult to believe the movement is 
not controlled by the will; and yet the patient may be ignorant that 
anything has happened to him. The movement is not only adjusted 
to the locality of the excitation and the position of the limb, but 
depends on the intensity and character of the stimulus. The nature 
of the response is determined, not so much by the absolute intensity 
and quality of the stimulus as by the relation it bears to those which 
have preceded it in time, or are in action simultaneously; the capacity 
of a stimulus to evoke a particular reaction depends on its relations in 
the past or in the present. Thus, on the reflex level, afferent impulses 
can be shown to be adapted to spacial conditions and to the intensity 
and relative character of the stimulus, although the whole procedure 
remains outside consciousness. If, however, they succeed in reaching 
the highest receptive centres, they endow sensation with spacial attri- 
butes, relative intensity, and individual character. 

Evidently, therefore, the impressions produced on a sentient surface 
by an external stimulus are endowed with certain sensory potentialities 
from their origin as physiological reactions. The immediate conse- 
quence of the impact of some physical force is the production of an 
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incoherent mass of afferent impressions, which must undergo integra- 
tion before they can exercise any useful! function. This is true not only 
for their qualitative, but also for their projectional characters. 

The simplest projected aspect of sensation is shown in the power to 
localize the site of the stimulated spot on the surface of the body. But 
observations on my hand showed that the faculty was the product of a 
struggle between various different impulses with diverse sensory 
potentialities. During the earlier stages of the experiment, when the 
surface was entirely insensitive, all sensations were due to excitation of 
the end-organs of the deep afferent system which had not been affected 
by the lesion. At this time any tactile stimulus, applied with sufficient 
force to excite a sensation, was localized with remarkable accuracy. If 
the back of my hand was pressed with some hard object, such as a 
pencil, I was able to indicate the spot without difficulty. But with the 
return of protopathic sensibility to the surface, a struggle arose between 
the different forms of projection characteristic of the two different 
systems. Any stimulus capable of evoking a cutaneous response aroused 
a widespread sensation, referred to some remote part of the affected area. 
Brushing the back of the hand with cotton wool, in the neighbourhood 
of the index knuckle, produced a tingling over the whole dorsal aspect 
of the thumb. Not only was the sensation localized in a part distant 
from the point of excitation, but it seemed to be spread over an extensive 
area; this bore little direct relation to the size of the stimulated surface. 
This erroneous localization was not fortuitous, but remained the same 
whatever the stimulus employed, provided it was effective; heat, cold, 
and pricking, applied in the neighbourhood of my index knuckle, all 
evoked diffuse sensations on the back of the thumb. 

If, however, the stimulating object was capable of arousing a sensory 
reaction in both the protopathic and deep afferent systems, a struggle 
occurred between the two forms of projection. Suppose, for example, 
that a tube containing ice-water was applied to the affected area; 
excitation of the cold-spots produced a massive, diffuse sensation in 
some remote part of my hand or arm. But, if the pressure was 
sufficient to excite the deep system of end-organs, I showed a tendency 
to localize the stimulus in the neighbourhood of the spot where it was 
applied. The ultimate results depended to a great extent on the 
relative strength of the two sensations; the dominant reaction tended 
to determine my localization of the site of the stimulated spot. 

At first sight it is difficult to understand the significance of this 
double method of projection; but, in the diffuse response of the 
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protopathic system, we find the remains of an old protective reaction, 
intended to preserve the part from injury. A reaction of this kind 
is admirably fitted to defend the animal from noxious influences ; 
it produces movements of withdrawal, which permit of no choice. 
It is essentially segmental, and is seen in its most perfect form in 
the distribution of referred pain and tenderness due to visceral disease. 
The internal organs are supplied from the protopathic system; there 
is no controlling epicritic mechanism. Any stimulus capable of exciting 
pain produces a segmental response; the sensation radiates widely and 
is referred to remote parts, including the surface of the body. When- 
ever the site of the stimulated spot can be correctly indicated in visceral 
disease, this is due to the coincident excitation of end-organs of the 
deep afferent system, present in the coverings and tissues of the 
viscera. 

With the higher development of function in the central nervous 
system these segmental! responses are replaced by massive reactions of 
withdrawal affecting the body as a whole. Local defensive retraction 
is replaced by movements of the whole animal. The mass-reflex, which 
occurs in certain favourable cases after total division of the spinal cord, 
is an example of such a method of response. The lightest stimulation 
- of the sole of the foot may still evoke some small adapted movement ; 
but a vigorous scratch, or a series of pricks, causes a violent flexion 
of the lower extremity at all joints and contraction of the abdominal 
muscles. This may be associated with increased activity of the bladder 
and rectum and an outburst of sweating in the parts supplied from 
the cord below the lesion. All local adaptation to the site or nature of 
the stimulus is swept away in a violent and indiscriminate outburst of 
energy in centres cut off from higher control. 

Both the segmental and the massive response are means of defence 
and lead to withdrawal of the part from noxious influences. But they 
hamper voluntary action by the uncontrolled movements they evoke, 
and tend to prevent escape by fixing the body in a position unfavour- 
able for flight. The animal crawls into a hole to die or to recover, 
whilst man becomes fixed to his bed. It is necessary, therefore, that 
these modes of reaction should be brought under control of centres 
which allow of choice and determine movements of the complete animal. 
The chief of these centres is the cerebral cortex which, as we have 
shown, is devoted to the more highly projected aspects of sensation. It 
is by means of sensory projection that the affective reactions can be 
controlled. When we attempt to climb through barbed wire, we are 
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forced to respond not only to the pain but to the position of the wire. 

The pain produced by pricking a protopathic hand is all-compelling ; 
it is impossible not to make a movement of withdrawal. But under 
normal conditions this ungovernable reaction is controlled by the 
existence of those forms of sensibility which underlie recognition of 
relations in space. This enables us to choose whether the hand shall 
be removed or not. 

Thus, in their projectional characteristics, the defensive reactions in 
man still show evidence of stages in their functional development. The 
lowest form of response is segmental, seen in the case of referred pain 
and tenderness of visceral origin. Higher in the scale stands the mass- 
reflex, which may make its appearance after injury of the spinal cord. 
The situation of the stimulus does not determine the distribution of 
the response ; local signature is abolished, and the outburst of energy 
overflows into channels that would be blocked under normal conditions. 
This inevitable and diffuse reaction is in turn brought under control by 
those centres which are concerned with postural adaptation. They 
determine whether a stimulus shall be followed by withdrawal of the 
affected part or by locomotion of the animal as a whole. Thus, it is 
essentially the spacial elements in sensory impressions which have led 
to the transformation of an inevitable segmental reaction into a dis- ° 
criminative response of the complete organism. 

It is possible to recognize the qualitative aspects of a sensation 
without attributing them to an external stimulus; such reactions are 
related to ourselves, and do not of necessity reveal the character of the 
stimulating object as a constituent of the world around. Affective states 
associated with these sensory qualities are discontinuous; for pleasure 
and discomfort can no more form parts of a sensory continuum than 
pain, heat,and cold. They appear and disappear in consciousness, toning 
the sensation in a distinctive manner, without forming a connective 
factor in the activities of the mind. 

On the other hand, the projected aspects of sensation are not related 
to ourselves, but to external objects. In fact, an “ object’’ might be 
defined as a complex of projected responses ; it is said to have characters, 
such as size, shape, weight, and position in space, which distinguish it 
from all others. The recognition of such features, however, depends 
on physiological activities, the product of certain definite centres in 
the cortex. If these processes are unable to influence consciousness, the 
“‘ object” disappears, although its affective and qualitative aspects still 
produce their appropriate sensory reactions. 
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These physiological responses, which are closely bound up with the 
activities of the sensory cortex, are characterized by a strict dependence 
on past events. All projected sensations leave behind them certain 
physiological dispositions; for instance, the existence of the schemata 
ensures that a movement, occurring at one moment, is measured against 
the consequences of those which have preceded it. This is not a psychical 
act but occurs on the physiological level ; every recognizable change in 
posture enters consciousness already charged with its relation to some- 
thing which has gone before, and the final product is directly perceived 
as a measured postural change. This is the case with all the higher 
projectional aspects of sensation; they form a continuous series of 
dispositions, determined by previous events of a like order. The unit 
of consciousness, as far as these factors in sensation are concerned, is 
not a moment of time, but a “happening.”’ This consists of a group 
of occurrences belonging to profoundly different orders in the psycho- 
physiological hierarchy. For example, a voluntary movement of the 
hand to the face depends on simultaneous changes in at least three 
sets of serial activities. We must become conscious of the part of the 
face which is the goal of the intended movement. But the complete 
motor act cannot occur without the participation of perfect postural 
schemata; it also demands the existence of an appropriate state of 
active muscular tone. All these three factors are products of the imme- 
diate past, active at the moment when the movement is willed, and 
may be affected by injury to the sensory cortex. 

The sensory activities of the cortex are not only responsible for pro- 
jection in space, but also ensure recognition of sequence in time. For 
this would be impossible if a sensory impression had no necessary begin- 
ning or termination. One of the commonest defects produced by a 
cortical injury is this want of temporal definition ; a stimulus, rhyth- 
mically repeated, ‘‘ seems to be there all the time.” The patient cannot 
appreciate the moment at which it is applied or removed. There is no 
complete recognition of an extended sequence of events. 

Thus, it is the projected elements in sensation to which we owe 
our conceptions both of coherence in space and in timers I have 
attempted to show that these factors are not essentially due to judgment 
or conscious association, but depend to a great extent on physiological 
activities and dispositions. When these are permitted to excite con- 
sciousness, they appear as an ordered sensation, related to other events 
in the external world and extended serially in time. 
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SUMMARY. 
The Method. 


(1) All the tests we have used in our previous work on disturbances 
of sensation were chosen because they gave measurable results. But 
the numerical answers yielded by the one could not be directly correlated 
even with those of another closely related test. 

(2) A lesion of the central convolutions sometimes produces loss of 
sensation in the hand which is not distributed uniformly over all the 
digits. Some of them may be grossly affected, others may show little 
or no sensory disturbance. 

(3) The first sign that sensation is affected in consequence of a 
cortical lesion is the statement of the patient himself, that the tests are 
less easy on the abnormal digits. This is spoken of throughout this 
paper as an “ introspective”’ change. 

A more advanced disturbance is shown by a raising of the threshold. 
Perfect answers can be obtained if the task is made easier. 

The next stage is shown by the absence of a threshold; increasing 
the strength of the stimulus does not of necessity produce a perfect 
series of responses. 

(4) In such cases the test which reveals the most severe loss of 
sensibility will be affected over the largest number of digits. 

(5) In any group of tests, which appeal to the same aspect of sensa- 
tion, the one which offers the hardest task suffers most severely. 

Thus, amongst the methods for examining the power of spacial re- 
cognition, a test in three dimensions is more affected than one requiring 
discrimination of two points or simply localization of the stimulated spot. 

(6) Thus we are able to correlate these empirical tests and divide 
the loss of sensibility they reveal into qualitative groups by noting the 
number of digits affected and the nature of the sensory disturbance 
on each finger. 


‘ 


The Results obtained from the Study of such Sensory Dissociation. 


(7) This method of investigation showed that the sensory activity of 
the cortex-could be divided into three categories. It is not associated 
with crude recognition of touch, pain, heat and cold, but endows sen- 
sation with three discriminative faculties. 

These are: (a) recognition of spacial relations; (b) a graduated 
response to stimuli of different intensity; (c) appreciation of similarity 
and difference in external objects, brought into contact with the 
surface of the body. 
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These three aspects of sensation can be distributed independently 
of one another in consequence of a cortical lesion [p. 106}. 

(8) Spacial recognition. 

Some loss of power to recognize passive movements of the affected 
part forms one of the most frequent consequences of injury to the sensory 
cortex. In fact, it may be accepted for clinical purposes as a leading 
sign in the syndrome of cortical disease. This test is a means of 
investigating the appreciation of spacial relationships in three dimen- 
sions; the compass-test and “ spot-finding ’’ (topical localization), as we 
have employed them, are explorations in two- and one-dimensional 
recognition. 

Whenever the spacial aspects of sensation are disturbed by a lesion 
of the cortex, the appreciation of passive movements is most extensively 
and most gravely affected. Discrimination of two compass-points is 
less severely disturbed and the loss of sensation occupies a smaller 
number of digits. Lastly, localization carried out strictly according 
to our method shows the smallest of any of the three tests.’ [Table 
on p. 109.] 

(9) Intensity. 

From the cortical aspect the tests we use for measuring sensibility 
to touch, to temperature and to pain are not of equivalent value. The 
tactile hairs demand a high degree of constancy and a strictly graduated 
response to stimulation. Appreciation of heat and cold, as we are forced 
in most cases to examine it clinically, depends comparatively little on 
cortical activity ; for whilst it is easy to say whether an object is hot or 
cold, it requires an intelligent patient and favourable conditions to test 
the relation of two warm stimuli to one auother or to determine the 
thresholds for heat and cold with approximate accuracy. Similar 
difficulties occur, to an even greater degree, with all measurable tests 


for painful stimulation. 
At the same time these three qualities of sensation are dependent on 


the physiological activities of the cortex and optic thalamus to a pro- 
foundly different degree. Correct appreciation of the tactile hairs 
demands a high grade of cortical function, whilst a prick appeals almost 


entirely to the optic thalamus. 
Consequently, the tactile hairs show the greatest and most extensive 






1 This statement presupposes that the patient is able to recognize touches with some 
approach to uniformity. The effect of want of tactile appreciation on these tests is dealt 
with in Chapter IV, § 5, p. 124. 
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loss as the result of a cortical lesion. Appreciation of thermal stimuli 
suffers to a less degree and over a smaller number of digits, whilst 
sensibility to measured prick is rarely affected. {Tables on pp. 114 and 
115. ] 

(10) Recognition of similarity and difference. ; 

The tests which come under this category are those for appreciation 
of size, shape, weight and texture, apart from their purely tactile 
qualities. 

As far as the cortex is concerned, these aspects of sensory discrimina- 
tion tend to be disturbed altogether. On subcortical levels, each of 
them depends on more than one stream of afferent impulses. But 
as soon as we have to deal with loss of sensibility of cortical origin, we 
are face to face with destruction of the activities of the centre itself and 
not with disorders of conduction. 

All these tests, the weights, the different shapes and stuffs of various 
textures, demand the same power of discrimination and are found to 
fail together. Tests capable of measurement, such as those for 
the appreciation of weight, will obviously reveal a slighter degree of 
change than those which consist in recognition of certain fixed shapes 
and textures. 

The faculty of recognizing the similarity and difference in objects 
brought into contact with the body depends upon one of the funda- 
mental functions of the sensory cortex. It can be disturbed apart from 
the power to appreciate spacial relations and independently of the 
graduated relation to stimuli of different intensity; it may also be 
preserved in spite of gross defects in these functions. 

(11) Tests which depend on more than one of the fundamental 

functions of the sensory cortez. 

(a) The simultaneous compass-test demands that a series of contacts 
can be appreciated with some reference to the intensity of the stimulus. 
But, granting that tactile sensibility is not affected, the compass-points 
are a method of testing recognition of relations in two-dimensional 
space. A cortical lesion not uncommonly disturbs both aspects of 
sensibility and it is important to determine how each form of sensory 
loss affects the records of the compass-points. 

When this test is disturbed in consequence of defects of tactile 
appreciation, the answers are confused and errors appear, not only in 
the recognition of two points, but also when the patient has been 
touched with one point only [p. 128}. 

If, however, tactile sensibility is not affected the patient is unable to 
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distinguish single and double contacts and shows a tendency to call them 
all “‘ one”’ [p. 127]. 

(b) Topical localization (or “spot-finding”’), as carried out by our 
method, depends on the due appreciation of relative intensity and is 
also one aspect of spacial recognition. 

Observations in selected cases seem to show that a defective response 
to contact stimuli appears on the records as a diffuse localization. The 
patient may pass his indicating finger up and down the assistant’s 
finger, saying, “ The spot seems spread out so that I can’t exactly say 
what part of it you have touched” |p. 131}. 

When, however, contacts are appreciated perfectly but recognition of 
spacial relations is disturbed, the loss of localization may take another 
form. The patient is unable to decide which digit has been touched: 
he complains, “I have difficulty in making up my mind.” The error 
takes the form of inability to determine on which finger or on what 
part of it the touch has fallen |p. 129]. 

(c) The power of recognizing various stuffs by feeling them with 
the fingers is obviously dependent on the accuracy of tactile impressions. 
But there is another aspect of this test which demands the essential 
faculty of appreciating similarity and difference. 

By choosing suitable cases this appeal to two sides of cortical 
activity can be demonstrated. When the orderly response to contact 
of graduated intensity is disturbed, the patient hesitates and is puzzled 
by the curious sensory differences in his two hands; he may, however, 
name the stuffs more or less correctly (p. 133). If the power of 
appreciating similarity and difference is alone affected, his answer 
approximates more or less to “I don’t know what it is,” and he 
cannot name correctly the various textile substances (p. 132). 

(12) Tests which appeal to centres in the cortex and in the optic 

thalamus. 

(a) Measured prick.—The sensory effect produced by a prick owes 
something to the physiological activity of the cortex; but this is small 
compared with the overwhelming part played by the optic thalamus. 

A cortical. lesion produces no true raising of the threshold to prick 
unless it is extensive or is associated with subcortical destruction. It 
may, however, induce a change in the sensation produced by pricking, 
which is recognized by the patient. The two hands “ feel different ”’ ; 
it is “‘ plainer,” “sharper,” “ more distinct,’’ over the normal than over 
the affected digits. Sometimes the whole character of the sensation is 
said to be changed, and seems to “ tingle”’ or to resemble “ electricity.” 
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(b) Vibration (tuning-fork test).—Disease or injury at lower levels 
of the nervous system may destroy all power of appreciating vibration. 
But.so grave a loss never occurs in consequence of a stationary lesion of 
the cortex unless it happens to be associated with epileptiform attacks 
or other causes of shock; for vibration appeals both to the optic 
thalamus and to the cortex, although the latter element is the more 
important in the ultimate sensation. 

A tuning-fork, beating 128 vibrations in the second, is almost always 
appreciated for a shorter period over the parts affected by a lesion of 
the sensory cortex. This loss of appreciation runs pari passu with the 
want of recognition of passive movement |Table, p. 145]. From the 
peripheral end-organs to the cortical centres both tests appeal to the 
same physiological functions. 


Subcortical Lesions. 


(13) The nearer the lesion lies to the internal capsule, the more 
extensive is usually the loss of sensation, and the more certainly does 
it tend to assume a hemiplegic distribution. Moreover, the sensory 
disturbance is extremely gross compared with that due to more super- 
ficial lesions [p. 134]. 

The closer a subcortical injury lies to the surface of the brain, the 
more nearly does the character of the sensory disturbance approximate 
to that produced by lesions of the grey matter. But the grouping of 
the dissociated sensibility does not correspond to the three cortical 
categories, recognition of spacial relations, of graduated intensity and of 
the similarity or differences of the stimulating object. The loss of 
sensation still reveals the arrangement of afferent impulses before they 
have been subjected to integration by the sensory cortex |p. 136]. 


Hypotonia. 


(14) An uncomplicated lesion of the sensory cortex may produce 
hypotonia. This is closely associated in distribution and degree with 
the want of recognition of posture and passive movement (Tables on 
pp. 152 and 154]. Both defects are due to a disturbance of those 
physiological dispositions in the cortical centres which have been called 
schemata. 

(15) This is a completely different condition from paralytic hypo- 
tonia, which is associated with gross loss of voluntary motor power 
[pp. 155 and 156]. 
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Anatomical Localization of these Sensory Functions. 


(16) Loss of sensation of the cortical type may be produced by a 
lesion of the pre- and post-central convolutions, the anterior part of the 
superior parietal lobule, and the angular gyri. These portions of the 
hemisphere contain the sensory centres. 

(17) The form assumed by a cortical loss of sensation is not 
expressed in anatomical or physiological terms, but in those of the 
most elementary processes of mind. The anatomical lesion upsets the 
orderly sequence of physiological processes, and this defect of function 
is manifested in disturbance of the psychical act of sensation. 

(18) Changes in sensibility of cortical origin on the upper extremity 
do not follow the distribution of axial or radicular lines. Each digit is 
a unit, which can be used in an isolated act either of motion or sensa- 
tion; as such it is represented topographically on the cortex. The 
same rule applies to the palm of the hand, where the changes in 
sensibility correspond to the proximal extension of the affected digits. 
The elbow and shoulder are separately represented, because each of 
these joints is an important centre of the postural activities of the upper 
extremity. 

(19) It is the functions, rather than the anatomical relations, of 
any one part of the body that are represented. Consequently those 
portions, such as the hand, which are endowed with the highest powers 
of discriminative sensibility, are most exclusively represented. Next 
in order comes the sole of the foot, which constantly exerts a dis- 
criminative action in walking. 

Hence a cortical lesion may disturb the sensibility of the hand and 
foot without of necessity affecting the elbow, shoulder or knee. 

(20) If the loss of sensation is greatest over the little finger and its 
neighbouring digits, the foot tends to show some sensory or motor 
disturbance. But when the loss of sensation reaches its maximum over 
the thumb and index finger, the face and tongue are liable to be 
affected ; if the lesion lies in the left hemisphere, speech will probably 
have been disturbed, to a greater or less extent, at some time in the 
history of the case. [Tables on p. 168. | 

(21) The three aspects of sensibility, due to the activity of the 
cortex, are not disturbed uniformly in every instance of a lesion to the 
surface of the hemisphere. In certain rare cases complete dissociation 
may occur. [Table on p. 174.) 

(22) This shows that the three fundamental functions of the sensory 
cortex are not represented to an equal degree in all parts of its extent. 








200 ORIGINAL ARTICLES AND CLINICAL CASES 


(a) Injury anywhere within the sensory area on the hemisphere is 
liable to cause some loss of appreciation of spacial relationships in the 
hand or in the foot. But the farther forward it lies within this region, 
the grosser and more extensive is the disturbance shown by the spacial 
tests. 

(b) The power of recognizing differences in weight and shape is 
most severely and most extensively affected by a lesion which falls 
over the post-central convolution. 

(c) Those tests which depend mainly on due recognition of stimuli 
of graduated intensity are more likely to be disturbed, when the injury 
falls upon the posterior and inferior portions of the sensory area. Any 
lesion lying mainly within a zone which occupies the foot of the pre- 
and post-central convolutions, the angular and supra-marginal gyri and 
the superior parietal lobule, is liable to be associated with disturbances 
of tactile sensibility. If this is severe and extensive, the patient may 
be unable to distinguish various degrees of warmth about which he has 
no doubt on the normal hand. 


Theoretical Conclusions. 


(23) The sensory disturbance produced by a cortical lesion is not a 
paresthesia or a hypozsthesia, but a definite loss of power to appreciate 
one or more of the three aspects of sensation, which depend on the 
physiological activity of the cortex. 

(24) Analysis of afferent impulses, on their passage through the 
central nervous system, tells us nothing of their origin or final fate. If 
we wish to learn how they arose, we must produce an analogous dissocia- 
tion in the peripheral nervous system ; and their ultimate grouping can 
only be shown by breaking up those complex physiological activities 
which directly underlie sensation. At either end of the chain we are 
brought face to face with elementary physico-physiological and psycho- 
physiological processes respectively. 

(25) If the functions of a lower more primitive organization are . 
kept under control by the activity of a higher afferent system, the 
removal of this dominant mechanism does not exhibit the vital processes 
of the phylogenetically older organs in all their primitive simplicity. 
The setting free of a primitive activity from higher control reveals a 
condition which is part of the complete act. Thus, the reactions of 
the human optic thalamus, freed from the restraining influence of the 
cortex, are an almost perfect expression of the non-discriminative 
aspects of sensation. 
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(26) When dissociation occurs, either on the physiological or 
psychical level, the manifestations represent that portion of the 
complete function which still remains active. 

Should the function lost belong to the same level as that which 
remains, the loss of the one does not materially affect the other e.g., 
dissociation of the various aspects of cortical sensibility). If, however, 
the factor which has been eliminated exercised some control over that 
which remains, primitive characters may appear that are not manifest 
under normal conditions (e.g., the thalamic syndrome). 

(27) The simplest physical stimulus, acting on the peripheral nervous 
system, may produce afferent impulses which are incompatible from the 
point of view of sensation. These are sorted and re-grouped; some are 
facilitated, others are repressed, before the final sum is presented to 
consciousness. Many afferent impulses remain on the physiological 
level and never form the basis of a sensation; they are destined to 
control reflex activity or to co-ordinate movements of the body and 
limbs. 

(28) The simplest sensory act is the result, not only of prolonged 
qualitative integration, but of a constant struggle for functional 
dominance. On the higher physiological planes, impulses which are 
precluded from exciting sensation are not wiped out; they may 
produce a profound and manifest effect, although they cannot excite 
consciousness. 

The closer we come to those centres which directly underlie sensa- 
tion, the more evident is it that impulses, which fail to excite conscious- 
ness, do not of necessity cease to exert any physiological influence. 
They may be repressed by their successful rivals, but they are not 
therefore abolished. 

(29) Similar physiological processes underlie the afferent integra- 
tion of a reflex and the co-ordination of two sensations or even of two 
concepts. But, in each instance, the product of these vital functions 
is given in terms of the level at which the impulses exert their influence ; 
in the one case it is expressed reflexly, in the other it is manifested in 
some psychical act, such as sensation. 


BRAIN.—VOL. XLI. 14 
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APPENDIX. 


SHorRt ACCOUNT OF SOME OF THE CASES ON WHICH THIS RESEARCH 
IS BASED. 





This portion of the paper consists of two parts. In the first I have 
given a short account of a series of illustrative cases [Nos. 2, 3, 5, 6, 
8, 15, 18, 19, and 23]. 

In the second part I have described as far as possible the situation 
and nature of the lesion in each case. Professor Elliot Smith has 
kindly localized approximately the site of the injury on the surface of 
the hemisphere from the data given to him. I am fully aware how 
difficult it is to judge of the position of a cerebral lesion from a wound 
on the surface of the skull, but reproduce figs. 3 to 23 with a full 
consciousness of the uncertainty of such localization. 


(A) SHoRT ACCOUNT OF A SERIES OF ILLUSTRATIVE CASES. 


Case 2.—An example of injury to the corter without penetration of the 
skull. Wounded January 26, 1916, by the fragment of a shell in the 
anterior part of the left parietal region. Not trephined. Radiogruph 
showed injury to outer but none to inner table of the skull. Examined in 
the third and fourth weeks after the wound. Right upper extremity only 
affected. Grasp of right hand diminished. Individual movements of the 
fingers were defective. Writing changed. No hypotonia. Right wrist- 
jerk increased. Other reflexes normal. Sensation most severely affected 
over the little finger, rapidly improving towards the pre-axial parts of the 
hand. Passive movement badly appreciated over four digits, the compass- 
test over one; localization not affected. The tactile hairs, thermal tests 
and prick showed introspective changes only, confined to the little finger. 
Weights and the texture of various fabrics were not perfectly recognized 
over the little finger. He greatly improved, and a set of observations made 
ninety-four days after the wound showed changes in the little finger only. 

Lieutenant F. W. B., aged 31. 

On January 26, 1916, he was hit by the fragment of a shell which burst in 
the air. He fell, but does not think he lost consciousness. The right arm 
“dangled loosely and was all pins and needles’’; he could, however, move it 
at the shoulder. He walked to the dressing station and, after a night spent 
in the field ambulance, was sent to the base next day. On February 5 he was 
admitted to the Empire Hospital for Officers, under my care. He thought his 
arm had rapidly improved up to January 31, but since that time its condition 
had remained stationary. Neither face nor leg had been affected at any time. 

On admission, the wound consisted of a stellate bruised tear in the scalp 
about 2°5 cm. in length, which healed rapidly. The centre of this cut was 
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situated 19 cm. from the nasion and 5 em. to the left of the middle line. 
The total nasion-inion line measured 34cm. A radiograph showed injury to 
the outer, but none to the inner table of the skull. 

The following observations were made in February, 1916, during the third 
and fourth weeks after the wound. 

He was a most intelligent man, an engineer by profession, and his intro- 
spective experiences were unusually definite and well expressed. The 
examination interested him and he showed no general fatigue. The effects 
of local fatigue were obvious in the readings from the affected parts, but else- 
where his answers remained remarkably constant from day to day. 

Speech was normal. There was some headache at first, but it rapidly 
disappeared. There was no nausea or vomiting, even when he was first hit. 
He had not suffered from convulsions or seizures. 

Vision was unaffected and the discs showed no change of any kind. The 
pupils reacted normally, ocular movements were well performed and there was 
no nystagmus. 

Face, tongue and palate were unaffected. 

Reflexes.—The only abnormality in the superficial or deep reflexes was 
shown by a definite increase of the right wrist-jerk compared with the left. 

Motion.—The grasp of the right hand was certainly somewhat affected : 
for, although he was by nature right-handed, the grasps were equal. Individual 
movements of the digits of the right hand were less quick than those of the 
left, and he said, “ All the fingers come forward and I have to pick out with 
the thumb the one I want to touch.”’ This exactly expressed the condition 
observed. The greatest clumsiness occurred, when he attempted to approximate 
the tip of the thumb to that of the little finger. When he held out his hands 
in front of him, there was slight difference only in the alignment of the fingers, 
But when his eyes were closed the little finger became abducted and fell away, 
and the inco-ordination of the individual movements of the other digits was 
greatly increased. 

There was no wasting and no change in tone. 

All the movements of the right elbow and shoulder were strongly performed 
against resistance, but he was somewhat clumsy, when he attempted to touch 
his nose rapidly with his right forefinger. This was not increased by closing 
his eyes. 

He could still throw with remarkable accuracy, but his writing was some- 
what affected; this was particularly evident in the curves of such letters as 
B, M, N and W. He found it easier to write with a pencil than with a pen, 
for the nib seemed to catch in the paper. 

The lower extremities were in every way normal and the right leg had 
never been affected. 

Sensation (between February 9 and February 24, 1916). 

He said he was in’every way normal except in the right hand, where his 
little finger and corresponding parts of the palm and dorsal surface “ felt stiff.” 
At first this “ feeling”’ occupied the ulnar aspect of the forearm to the elbow : 
but this had to a great extent passed away. 





Measured 
movement 

Vibration 
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Localization 
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Little tinger 


12° to 25°; 
gross errors 
Gross loss 


Perfect at 
2 cm. 
Perfect 


i 
| 


14 grm./mm.?; | 


Ring finger 


5° to 8° 
Affected 
Perfect at 


1 cm. 
Perfect 


14 grm./mm.,? | 14 grm./mm.* 


Right (affected) hand 


Middle finger 


6° to 10? 
Affected 
Perfect at 


lcm. 
Perfect 


Index finger 


Thumb 


Left hand 


Normal digits 





8° to 6° 
Affected 
Perfect at 


1 cm. 
Perfect 


14 grm./mm.* 


1°. Normal 


Equal 
R. and L. 
Perfect at 

1 cm. 

Perfect 


14grm./mm.* 


1° or under 


Perfect at 
1 cm. 
Perfect 


14 grm./mm.? 


! introspective | 
change 
Slight change ; 
introspective 
Slight change | 


Thermal Normal Normal Normal Normal — 

Threshold, 3 
grm. 

Perfect (twelve 
tests on each 
finger) 

Quick at recog- 

nizingall four 

fabrics 


Same 
R. and L. 
Perfect 


Same 
R. and L. 
Perfect 


Same 
R. and L. 
Perfect 


Same 
R. and L. 
Perfect 


Prick 


Slower ; 
introspective 
change 
Defective 


Weight 


Texture Good Good Good Good 





The lower extremity was entirely unaffected. 


Measured movement.—Of all the digits of the right hand the thumb alone 
was unaffected. In the index, middle and ring fingers the extent of the passive 
movement necessary to evoke recognition was considerably increased, but in 
the little finger the answers were confused ; in three instances he indicated 
movement in the wrong direction with a range of 20 to 25. He said, “I 
appreciate some movement, but cannot tell its direction with certainty.” 

Compass-test.—The little finger alone was affected and the threshold 
was raised to 15cm. But even at this distance his answers were doubtful, 
though correct, and it was not until the two points were separated by 2 cm. 
that he became certain. He complained: “The thing that puzzles me on the 
little finger is that it seems like anecho. I don’t know whether it is two or one 
with an echo. When they are close together I can’t tell whether it is one point, 
which influences the part around, or two points. When they are wide apart, 
the second point falls outside this part influenced, and I know it is two.” 

Tactile hairs.—He gave a perfect series of answers on the little finger even 
with a hair of 14 grm./mm.’, but the response was slower from the right than 
from the left. He said, “ The first two or three touches were fairly clear; but 
it seemed to become more difficult and I wasn’t so certain. I was doing it with 
an effort on the affected hand, instead of not thinking about it.’’ 

Thermal tests—The only change was discovered in the little finger. The 
threshold for heat and for cold was not materially different in the two hands, 
but such temperatures as 30° to 40° C. seemed warmer on the normal than on 
the affected side. 













n. 














































SENSATION AND THE CEREBRAL CORTEX 205 


Prick.—There was a definite introspective change between the sensation in 
the two little fingers; with 3 grm. he said the prick was “ quite clearly felt "’ 
on the normal hand, but was “ occasionally a slight prick” on the right little 
finger. On increasing the strength of the stimulus to 3°5 grm., he said it was 
“clearly a prick” on both hands. No such difference was found between the 
sensation from the two ring fingers. 

Weight.—When various weights of between 20 and 100 grm., covering 
exactly the same surface, were added and removed, he gave quick and perfect 
answers on all but the little finger of the right hand. HereI was forced to wait 
longer and he responded with much less certainty. He said, “I’ve more 
difficulty with the little finger. The changes in weight are not so pronounced, 
and I was not so absolutely sure that I was right as on the other fingers.” 

This difference came out even more clearly, when he was permitted to lift 
the finger on which a weight had been placed. When asked to compare 80 and 
100 grm. he made no mistakes anywhere except on the little finger of the right 
hand ; here out of six tests he failed in three and was not perfect in his answers 
when comparing 70 and 100 grm. He said, “On the right little finger it is 
more of a strain; unless I pick it up at once I can’t get it at all. It seems to 
merge into a confused feeling.” 

Texture.—For this test on the right hand he invariably used the thumb and 
index finger, and when forced to use the little finger he said he judged by 
the sensation of the thumb alone. When the various fabrics were rubbed 
across the digits, he complained that they “felt different on the right little 
finger.’ Here he recognized silk and cotton, but was uncertain about flannel 
and ribbed velvet, except that he said flannel was “ rougher.’’ When each 
fabric was rubbed over one little finger and then over the other, he failed 
to recognize that the ribbed velvet was the same substance on the right as on 
the left hand; the same error occurred with silk. 


He was examined again on April 30, 1916, ninety-four days after the wound. 
He still noticed the same difficulty in writing, but found no difference when 
playing golf. 

The arm-jerks were now equal. The grasp of the right hand had greatly 
improved, but isolated movements of the little finger were still clumsy. When 
he held his hands out in front of him, the various parts were in perfect align- 
ment, and the little finger no longer fell away, when the eyes were closed. 
There was no hypotonia. 

Sensation had improved greatly. All the digits of the right hand gave 
perfect readings with 1° of passive movement, except the right little finger, 
where from 1°5 to 2° were required. To the compass-test he had no difficulty 
at 0°75 cm. on all the digits, except the little finger; here he failed at this 
distance, but gave a perfect series at 1 em. He said, however, ‘ On the right 
little finger I still have the feeling of an echo. It is harder for me to tell 
whether there are two points, but directly you put them further apart 1 
am certain.” Localization was perfect. He could appreciate a tactile hair 
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of 14 grm./mm.’ on his right little finger, but said the sensation was “ duller 
and fainter, less clear” than on the normal hand. Weights and (texture 
were now perfectly appreciated. 





































Case 3.—An instance of dissociation of sensory functions due to a cortical injury. 
Wounded June 7, 1917, by a rifle bullet. Trephined over the right 
Rolandic area June 8, when “a large piece of bone and extradural clot 
were removed.’ Admitted under my care July 7, 1917, with an unhealed 
wound in the right parietal region. At that time the lower part of the left 
half of the face moved poorly and the tongue was protruded to the left. 
Left arm-jerks were exaggerated. Left lower abdominal reflex defective. 
Left hand affected ; individual movements impossible. Movemc;i.s of left 
wrist and elbow less powerful than those of right. No hypotonia at this 
stage. Sensation showed from the first profound dissociation. The spacial 
aspects were not normally appreciated, and the power ‘of recognizing simi- 
larity and difference was diminished, but he reacted perfectly to graduated 
tactile and thermal stimuli. He remained under observation and was 
examined from time to time. A series of records, made during the 10th 
and 12th months after the wound, showed that hypotonia had gradually 
appeared in those fingers in which the loss of recognition of posture and 
passive movement was most severe. This hypotonia accompanied the return of 
motor power and recovery of the reflexes. Sensation showed the same funda- 
mental dissociation as before. This made it possible to work out the form 
assumed by the loss of appreciation of weight and texture, in the absence of 
changes in tactile sensibility. It also showed the nature of defects in the 
records of the compass-test, when spacial relationships are disturbed, but 
touch is not affected. 


Bombardier J. W. B., aged 26. 

On June.7, 1917, he was hit by a sniper’s bullet, which penetrated his 
helmet. He remembers a singing in his head and a feeling as if two hammers 
met; then he dropped. He noticed that his left arm was weak, but after 
about twenty minutes he could walk with help though his left leg was dis- 
tinctly affected at first. After his wound was dressed, he walked about 
5 kilometres to the motor ambulance. He arrived at Boulogne on June 8, and 
was trephined over the Rolandic area. The field card states that “a large piece 
of skull and extradural clot ’’ were removed. 

He was.admitted to the London Hospital on July 7, 1917, with a deep 
lanceolate wound, situated from 17°5 to 19 em. back from the nasion, and 
from 4 to 8 cm. to the right of the middle line. The total nasion-inion line 
measured 35 cm. The wound had a granulating base, which pulsated heavily. 
Cultures grew Staphylococcus albus only. 





Condition in July, 1917, forty days after the Wound. 


The importance of this case lies in the condition, which was present many 
months after the wound had healed; but I shall summarize first of all the 
observations made shortly after his first admission to hospital. 










SENSATION AND THE CEREBRAL CORTEX 207 


His mental state was excellent and speech had not been affected at any 





time. 
Vision was perfect, the fields were not restricted and the discs were normal. 


The pupils reacted normally, movements of the eyes were well performed 
and there was no nystagmus. 

The lower part of the left half of his face did not move so well as the right, 
and the tongue was protruded a little to the left. 

Refleces.—The left wrist-jerk and triceps-jerk were distinctly exaggerated, 
but the knee- and ankle-jerks were equal and there was no ankle clonus. The 
plantar reflexes were normal. A reflex could be obtained from all four areas 
of the abdomen; but, whereas those from the right upper and lower segments 
were quick and vigorous, the reflex from the left lower quadrant was obtained 
with difficulty and was of small range. 

Motion.—The grasp of the left hand was profoundly diminished and 
registered on the dynamometer 5, compared with 58, the force exerted by 
his right hand. He could not carry out individual movements with the 
fingers of the left hand; they tended to remain passive or to be flexed in a 
bunch, whilst the thumb moved across to be approximated to the tip of each 
finger in turn. Movements of the left wrist were feeble and those of the elbow 
were not so strong as on the other side. The shoulder was not affected. 

The fingers of the left hand were not in alignment, when the hands were 
held out in front of him; the wrist became flexed and the whole arm swayed 
unsteadily. As soon as the eyes were closed the hand dropped and the fingers 
became irregularly flexed. Even with the eyes open, on attempting to touch 
his nose, the movements of the left hand were inco-ordinate and unsteady, and 
when they were closed the ataxy was pronounced. 

There was no obvious spasticity and no hypotonia. 

The left forearm and hand were distinctly wasted; this was most visible in 
the interossei and was less evident in the muscles of the thumb. The arm and 





























shoulder muscles were not affected. 
In the left lower extremity there was no gross loss of power and no wasting ; 


but the movements were not quite so accurate as those of the right leg. He 
could, however, stand equally well on either foot with the eyes closed. 
Sensation. — The outstanding feature of the sensory disturbance was 
the considerable want of recognition of measured movement in all the 
digits and the wrist, together with gross loss of discrimination of weights 
in the little and ring fingers, in spite of perfect sensibility to touch. This 
is a case where the various sensory activities of the cortex were dissociated 









from an early stage. 
I shall, therefore, pass over his condition during the intermediate period in 


order to lay stress on the observations made during March, April and May, 
1918, ten te twelve months after the wound. 

The scar was firm and did not pulsate. He had been discharged from the 
Army and was at work, rarely suffering from headache except when tired. 
He was remarkably bright and intelligent, handing himself over willingly 
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for examination. His answers were given without hesitation; he made no 
attempt to interpret his sensations and was not introspective. 

Reflexes.—Great improvement had taken place and the two elbow-jerks 
were almost of equal strength; there was no difference between the triceps- 
jerks. The abdominal reflexes were equally brisk on the two sides in all the 
areas. 

Motion.—The grasp of the left hand had greatly improved and individual 
movements could now be carried out by each finger in turn. They were, 
however, slower and less perfect than those of the right hand, which were 
quick and precise. The various digits were in good alignment, when he held 
his hands out in front of him, but they fell away when he closed his eyes and 
the movements of the fingers of the left hand became distinctly ataxic. 

The little and ring fingers of the left hand, and to a less degree the middle 
finger, were now definitely hypotonic, whilst the index and thumb were normal. 

There was no wasting; but the ulnar half of the left hand was soft and 
toneless to the touch, compared with similar parts of the right. 

Sensation.—He was at work but had no necessity to use his left hand 
except for lifting. He could pick up objects with the forefinger and thumb 
but complained that he was clumsy with the middle, ring and little fingers. 


Left (affected) hand Right hand 





Thumb Index finger Middle finger Ring finger Little finger Normal digits 









































Measured }1°. Intro-| 1° to 2°. 1° to 2°. Gross loss | ‘*rossloss | Perfect at 1° 
movement | spective Direction Direction 

defective | defective 
Vibration .. | Not affected; 4 to6sec. ; 4 to5sec. 10 sec. sec. — 
Compass-test | 1 cm. 1 cm. 1 cm. Gross loss Gro loss | Perfect at 1 cm. 

at5em. | atdcn. 

Localization | Good Good Good Affected | Affected | Good 
Tactile hairs | Normal | Normal Normal | Normal | Norma Perfect with 

14 grm./mm.? 
Thermal ..| Normal | Normal | Normal Normal | Norma: Can distinguish 35° and 


40°C. perfectly 





Prick oe Normal | Normal | Normal Normal Normal _§ Threshold about 4 grm. 
Weight -. | Perfect Perfect | Distinctly | Gross loss | Gross loss | Perfect appreciation of 
| affected 80 and 100 grm. 
fect answers to addi- 
tion and subtraction 
Form es Perfect Perfect | Slightly Gross loss | Gross loss | Perfect appreciation of 
| affected the six tests. Objects 
rolled over palmar as- 
pect of fingers 
Texture --| Perfect Perfect | Affected Gross loss | Gross loss | Perfect appreciation of 


| ribbed velvet, 
| 


| flannel and_ calico 
| rubbed over digits 
| | 





Passive movement was appreciated within normal limits on the left thumb, 
but he said it was “less easy”’ than on the right hand. With the index and 
middle fingers the readings were slightly raised, and he tended to be somewhat 
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uncertain of the direction of the movement with an excursion of 1 to 2. 


Both ring and little fingers were grossly affected; he did not appreciate a 
movement of less than 20 to 30 and in many instances its direction was 
wrongly indicated. 

The compass-test gave normal readings over the thumb, index and middle 
fingers of the affected hand, but over both ring and little fingers contact with 
two points was invariably called “ one,” even when they were separated to a 
distance of 5 cm. He said, “I feel the pressure quite well, but it all feels the 
same. It is not like the other fingers.” 

Localization had throughout remained unaffected on the thumb. 
of the normal state of tactile sensibility, I chose the palmar aspect of the four 
post-axial digits for a more extended series of observations than usual on 
topical localization. Twelve contacts were made, first on the normal and 
then on the affected side; this was repeated three times on each hand to the 
number of seventy-two in all. Every touch on the normal hand was correctly 
localized, but the answers from the fingers of the affected side showed a 
disturbance increasing in a post-2xial direction. Thus, whilst all nine stimuli 


were correctly localized over both the left index and middle fingers, he made 
Of these six errors 











In view 











two mistakes over the ring, and six over the little finger. 
one was placed on the wrong digit, three were more or less distal, and two 
Both the mistakes on the ring finger 





were proximal to the spot stimulated. 
consisted in choice of the wrong digit. ; 

All the digits of the affected hand gave perfect records to the tactile hairs, 
even with 14 grm/mm.’, the smallest strength of stimulus to which he 
responded constantly on the normal fingers. There was no introspectivo 
difference between the two hands. Thermal sensibility was equally good on 
both sides and prick was not affected. The whole of this aspect of cortical 
activity remained throughout untouched by the destructive effects of the 










lesion. 
But the appreciation of relative weights, form and texture was gravely 


affected in the little, ring and to a less degree in the middle fingers of the left 
hand. In view of the perfect reaction to varying intensities of stimulation, 
this was a most instructive dissociation. 

Weight.—This case also illustrated the rule that with a cortical lesion 
inability to discriminate weights is independent of the manner in which they 
are applied. If the hand was carefully supported, and weights were added or 
subtracted on each digit in turn, he failed to recognize the direction in which 
the load had been altered in spite of perfect tactile sensibility. He was also 
unable to recognize the difference between two weights placed one after the 
other on the affected fingers, even when he was permitted to move them and 
to “ weigh ”’ each test-object in turn. 

Thus, with the method of addition and subtraction, the thumb and index 
gave normal readings; on the left middle finger he did not reply to five of the 
twelve changes in weight, on the ring finger he did not answer on six occasions 
‘and thought all the weights had been removed, when one of 20 grm. still 
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remained on the hand. On the little finger he failed to appreciate ten out of 
twelve changes and asserted that there was no weight when 140 grm. still 
remained on the hand. He also experienced hallucinatory changes of weight, 
describing addition and removal, when the pile remained untouched. He 
stated, “ The only ones that seem to me bad are the middle, ring and little 
fingers ; the little finger is the worst. The first (index) is all right.” 

The following observations were made on his power of comparing two 
weights by “ weighing” them; they were placed one upon another, in irregular 
sequence, on the palmar aspect of the terminal phalanx of the little and ring 
fingers and of the middle and index fingers. Two digits were chosen so that 
the movements should not displace the weight, as would have been the case if 
one finger only had been selected. On the normal hand, and with the left index 
and middle finger he recognized the difference between 80 and 100 grm. on 
every occasion. But with the left little and ring fingers he could not even 
appreciate a difference of 100 and 20 grm. All his answers took the form 
of “I can’t tell, I don’t know,” or some similar expression of ignorance. 

An unusually extensive series of observations were made on his power of 
recognizing form, when solid test-objects were rolled over the palmar aspect 
of each digit in turn; for on the normal hand he was particularly good in 
recognizing the shape of the solid blocks cut to scale. On the left thumb 
and index he made no mistakes, on the middle he was a little uncertain, but 
on the ring and little fingers his answers were gravely defective. Thus on the 
latter he said, “ Everything feels alike; except that they scratch or hang on 
to the flesh; I cannot tell they have any shape at all.” Pyramid, ovoid and 
cube were all said to be “square,” whilst a cylinder and cone were called 
“round” and a sphere was not recognized at all. 

The power of appreciating differences in texture was gravely affected in the 
little and ring and, to a less degree, in the middle fingers of the left hand. 
The ribbed velvet, silk, cotton and flannel were named correctly over all the 
digits of the normal hand and over the left thumb and index. But on the 
middle finger velvet was called “ silk,’ flannel was thought to be “ cotton,” 
whilst silk and cotton were named correctly. Over the little and ring fingers 
he either said the fabric was “rough’’ or confessed he did not know. 
“ Everything seems rough on these fingers and I find it difficult to tell on the 
middle finger. The first finger and thumb are all right.” 

But in spite of this profound disturbance, his power of appreciating 
roughness, measured with the Graham Brown apparatus, was identical on the 
digits of the two hands. 


Case 5.—To illustrate the introspective aspects of the sensory loss of cortical 
origin. Wownded June 6, 1916, by a rifle bullet. A radiograph showed 
injury to the outer plate of the skull in the left parietal region, but none to 
the inner surface. Hewas not trephined. Admitted to the Empire Hospital 
December 4,1916. The wound was represented by a fully-healed scar, 3 cm. 
in length, in the left parietal region, 23 cm. from the nasion and 5 cm. from « 
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the middle line. The importance of this case lay in the patient's remarkable 
power of describing his sensations over abnormal parts. Individual move- 
ments of the right hand were good with the eyes open, but clumsy when they 
were closed. The right thumb and index finger were hypotonic. In the 
right foot he had lost, to a certain extent, the extraordinary powers of moving 
his toes, which he still possessed onthe normal side. Otherwise it would 
not have been possible to discover any affection of motor power in the lower 
extremity. The reflexes were normal. Sensation was most severely affected 
in the thumb and index finger of the right hand. In the little finger many 
aspects of sensation showed introspective changes only. The tactile hairs, 
thermal tests and prick showed the severest and most extensive loss. Sensory 
changes, similar in quality, but somewhat less severe, were present in the 


right foot. 


2nd Lieutenant R. S. C., aged 28. 
In the early hours of June 6, 1916, he was hit by a sniper’s bullet. He was 
not wearing a helmet. He spun round and felt as if someone had stuck a 
boathook into his head, pulling him backwards. Apparently he fell, but did 
not lose his senses, and after his wound was dressed he went back to his 
machine-gun. But “everything seemed so slow; I seemed to have lost touch 
with my men. I was thinking very slowly.” He had a violent headache and 
felt sick, but did not vomit. 

He stopped one day in the Field Ambulance and on June 7 reached the 


Casualty Clearing Station. Here a piece of the casing of a bullet was removed 


from the scalp. A radiograph showed injury to the outer surface of the skull, 


but none to its inner aspect. He was not trephined. 

The wound healed, and he was discharged on June 24 from the 3rd London 
General Hospital, with a scab still present on the site of the injury. He could 
not sleep and the noise of the gramophones made him feel sick. The next four 
months he spent in the country, in a most unsatisfactory condition physically. 
He was easily fatigued and fell into violent rages ; when they came on, whether 
by day or by night, he would leave the house and walk up and down in the 
garden for hours. 

During the first week of November, 1916, he was sent back to light duty. 
The headache returned and the attacks of “ violent feelings *’ became more 
pronounced ; they were followed by depression and suicidal ideas. He acted 
as assistant adjutant, working from 9 a.m. till 7 p.m. He rapidly became 
so ill that he was sent to see me by his senior medical officer, on November 30, 
1916, and was admitted to the Empire Hospital for Officers on December 4. 
Here he rapidly improved and the following account is based on observations 
made during January, 1917, seven months after the injury. 

The wound was then represented by a fully healed scar, 3 cm. in length, 
in the left parietal region. The anterior limit was 23 cm. from the nasion 
and 5 cm. from the middle line of the skull. The total nasion-inion line 
measured 35 cm. A radiograph showed that the outer plate of the skull 
had been damaged in the region of the injury, but the inner plate seemed 
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to be intact. There was no evidence of a foreign body or dead bone within 
the cranial cavity. 

He was a highly educated man of unusual intelligence. His answers 
to measured tests were far above the average, especially from the intro- 
spective point of view. He tended, however, to interpret his sensations 
and this made him slow to reply, when an affected part was being tested. 
He gave himself over most willingly to my examination because, in spite 
of his repeated complaints, no one had examined into the condition of his 
right hand. The fact that he had never been examined, even superficially, from 
a neurological point of view, was one of the most potent causes of his anger and 
misery. His power of attention was good, but he became tired easily and care 
had to be taken to make the examination in short spells, selecting days when 
headache was absent and he had slept well. Sleep soon improved and he 
ceased to dream unpleasantly. His memory was not good on admission, but 
became much stronger with rest and quiet. There were no hallucinations or 
delusions at any time. At first he was irritable, but this passed away and he 
became particularly easy to deal with. 

On admission he had a stutter which slowly disappeared; this was a purely 
psychical manifestation and speech was not otherwise affected. He had had 
no seizures or convulsions. The headache was at times severe and was of the 
same character throughout ; it was “like a toothache,’ mainly on the left half 
of the head. All nausea had disappeared for some months before admission. 

The discs were unaffected. The pupils reacted normally. All movements 
of the eyes, face, and tongue were carried out well. 

Reflexes.— All reflexes, superficial and deep, were equal on the two sides and 
were normal in character. 

Motion.—The grasp of the right hand was certainly less powerful than that 
of the left, but there was no paralysis. Individual movements of the fingers 
could be carried out easily so long as his eyes were open, but became very 
clumsy when they were closed. He could not write so easily as before he was 
wounded, especially if he was tiréd, and his handwriting had changed somewhat 
in character. He could still play the piano, but his right hand “ was not so good 
as it might be.” 

The right thumb and index finger were definitely hypotonic ; the condition 
of the middle and ring fingers was more doubtful, but the tone of the little 
finger was certainly not diminished. There was no wasting of the hand. 

The wrist, elbow, and shoulder were unaffected. 

Had he been brought up under ordinary conditions, there would have been 
no evidence thatthe movements of the right lower extremity were in any way 
affected. But as a child he had lived on a sandy beach in China and his 
father had not permitted him to wear boots. His agility with the toes of the 
normal foot was remarkable; he could cross the great toe over the second, 
could spread the toes and bring them together again, just as we can adduct or 
abduct our fingers: He had no difficulty in picking up a penny from the bed 
with his foot. But, with the right foot, he could no longer cross the toes, 
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though he could abduct or adduct them, less perfectly than with the other 
foot. Individual movements of the right great toe were still possible, but 
were slower and less accurate than those of the left. There was no gross 
hypotonia, but it seemed to me as if the right great toe could be passively 
extended to a greater degree than the left, and he said, “ I think the great toe of 
the right foot is slack like the first finger (index) of the right hand.” 

Apart from this loss of special aptitude in the foot, there was no want 
of power anywhere in the right lower extremity. 

His gait was normal and he could stand well on either foot with the 
eyes open; but when they were closed he said, “I don’t trust myself so 
much on the right ; I have to plant it more definitely before I begin; whereas 
I don’t mind how I put the left foot before I close my eyes.” 

Sensation.—He complained mainly of the index finger of the right hand 
and said, “ If I wanted to feel for a pin I should use the first finger of the left 
hand, but with the right I should use the middle finger, because the first finger 


felt as if there was a corn on it.”’ 
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Measured 1° | 68° to 15° 10° to 15° Gross loss Gross loss: Perfect with 1° 
movement ! 
Vibration .. | Noshortening Affected Affected Affected | Affected -- 






} 









Compass-test | 1 cm., | Not quite Not quite Gross loss’ Grossloss | Perfect at 0°75 em. 
introspective | perfect at 3cm.| perfect at 3 cm. | 
Localization Good | Good One error | Gross loss | Gross loss’ Perfect 
| 
Tactile hairs | 23 grm./mm.* | 23 grm./mm.? | 23 grm./mm.? No No 21 grm./mm.? 
threshold | threshold 

Thermal ..| Introspective | Affected Affected Gross loss | Not tested 35° and 40°, perfectly 
discriminated. 
Thresholds 30° C. 
and 27° C, 

Prick Be 4 grm. 8 grm. 8 grm. 8grm. |Nottested Threshold, 4 grm. 


























Weight .- | Definite loss Definite loss Gross loss Gross loss | Grossloss Perfect series on ad- 
dition and subtrac- 
tion 

Texture .- | Introspective Gross loss Gross loss Gross loss |Gross loss Perfect appreciation 






of four fabrics on 
each digit 







Measured movement.—The loss of appreciation of passive movement was so 
gross in the thumb and index finger of the right hand that 40 sometimes 
evoked nareply. He said, ‘ It is pure guessing; I have no idea which way it 
is moving.” With the middle and ring fingers he not only recognized the 
movement, but also its direction at a range of between about 8 to 15, 
whilst with the little finger he answered correctly in every instance to a 








movement of 1°. 
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Vibration exactly bore out the results obtained with the test for passive 
movement; the little finger was entirely unaffected, whilst the other four 
digits of the right hand showed considerable shortening of the period during 
which the tuning-fork was appreciated. 

Compass-test—Over the thumb and index finger, he failed entirely to 
recognize the two points at a distance of 5 cm., and frequently thought 
that contact with one point was “two.” In fact, his answers on these digits 
showed complete confusion. On the middle and ring fingers his answers at 
2 cm. were confused, but at 3 cm. they were almost perfect. On the little 
finger he could discriminate one and two points as 1 cm., and made no mis- 
takes; the sensation was not, however, the same as on the normal little finger. 
There is no doubt that on this digit, at any rate, the compass-test was disturbed 
by the changes in tactile sensibility. 

Localization was profoundly disturbed on the thumb and index fingers. 
A single contact might appear to be two, or even three touches, each of which 
was localized in a different position. He would call out, “ Just wait a minute, 
I want to touch a dozen different places.”” Then after a pause, “I think it must 
have been there,” indicating a wrong spot. He also said, “ Unless I answer 
at once I am done; I go on wandering about.’’ Now, there can be little doubt 
that this is an example of a double defect; he had not only lost, to a great 
extent, his power of appreciating the locality of the stimulus, but the sensa- 
tion produced by the contact was in itself disturbed. On the middle finger he 
made one mistake, referring the touch to a proximal point on the ring finger. 
On the ring and little fingers he made no mistakes. 


The greatest disturbance in this case was shown by those tests which 
demanded an accurate response to stimuli of different intensities. For this 
aspect of sensibility was certainly affected over all five digits, whilst on the 
spacial side even measured movement showed no defect in the little finger. 
Moreover, his own statements with regard to his tactile and thermal sensa- 
tions throw considerable light on the nature of the changes caused by a 
cortical lesion. 

Tactile hairs.—The thumb and index finger were profoundly affected to 
this test. No threshold could be obtained, and on first testing with a hair of 
23 grm./mm.” he gave as many correct answers as to a series of subsequent 
contacts with one of 100 grm./mm.’ (vide p. 117). The patient said: ‘‘ On the 
left (normal) side I felt as if you were putting on and taking off a fine wire 
point. On the right hand it was exactly as if a mosquito drew its leg along 
the surface. I never felt a distinct pressing on. Sometimes I felt it vaguely 
as if it was still there, andI wanted you to press it and take it away again, 
so that I might be certain if it was there or not.” 

On the middle and ring fingers a threshold was obtained with a hair of 
23 grm./mm.’, but his answers were slow and he said that he had difficulty in 
making up his mind. On the little finger the record with 21 grm./mm.” was 
defective, but he gave perfect replies with 23 grm./mm.’ There was, however, 
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a profound introspective difference between the two little fingers; ‘‘ Sometimes 
it seems dead and sometimes it is like the brushing of a fly’s wing.”” Throughout 
these tests, he complained that the serial contacts with the tactile hairs, over 
affected parts only, set him “on edge.” “I feel that, if you went on long, I 
should become like I am when I am worked up; I seem to want a relief 
somewhere.”’ 

Thermal tests.—The sensibility of the index finger was profoundly affected 
to all the tests for appreciation of temperature. He could not discriminate 
heat or cold with certainty between about 26°C. and 40° C., whereas on a bright 
spring-like day, the temperature of the room being 18° C., the indeterminate 
zone lay between about 26° C. and 30° C., over the normal index finger. But 
an even more striking defect was shown by his inability to distinguish two 
stimuli of the same thermal quality, but of different intensity. So gross was 
this change that he was unable to discriminate 35°C. and 40° C., 35°C. and 
45°C., and even 20° and 25° C. (vide p. 218). 

When tested with the warm and cold tubes he said: “There is a great 
difference between the two fingers; the right never changes its mind, whereas 
with the left (normal) the temperature seems to grow upon it; with heat I 
feel it growing hotter until it reaches a certain stage and then stops. Cold 
does the same thing. I was baffled on the right hand; I don’t know how to 
describe it. It sometimes seems ice-cold and sometimes nothing at all; but 
there was never any difference between the two tubes.’’ The cold tubes were 
first applied to the affected hand; as soon as the change was made to the 
normal hand he burst into laughter, saying: “I could not have believed that 
the difference could be so great. Here I never have a moment's doubt; the 
first was just off tepid and the second was colder still, or vice versa, as the 
case might be.”’ 

Over the middle and ring fingers the disturbance of thermal sensibility was 
less severe. He could not discriminate 35° and 40° C. on the affected hand, 
but there was no such profound difference between the thresholds as on the 
index finger. : 

Over the little finger he gave correct answers in every case, when 35 C. 
and 40° C. were compared, but said that the sensation from the affected hand 
was different; on the right hand (affected) it has a dryer feeling, whilst on 
the normal one it is more liquid.” He added: “It does not change on the 
right as it does on the left (normal); on the left it leaves a definite feeling, 
which I can think about, a sort of glow, which I feel going off.” 

Prick.—He complained that a prick did not seem normal on any of the 
digits of the right hand. The threshold was distinctly raised (4 grm. left, 
8 grm. right) on the index, middle and ring fingers. On the right little finger 
it was 4 grm., the same as on the normal hand, but he said he “ felt it more on 
the left; it seemed softer on the bad hand.” 

Weight.—Over the thumb and index finger the addition and subtraction of 
weights was not appreciated; he either failed to reply or his answers were 
confused. He complained, “ Sometimes it feels as if you were rolling my 
finger round, not as if you were putting things on and taking them off.”’ 
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Over the middle and ring fingers the loss of sensibility was less pronounced. 
In a sequence of twelve changes in weight he failed to answer five times on 
the middle and three times on the ring finger; but there was no confusion. 

Over the little finger the sensation was also measurably affected and he 
said: “I could distinguish when you were putting on and taking off the 
heavier weights ; but there were times when I could not tell what you were 
doing, it seemed as if you were only touching me.” 

Texture.—He was unable to distinguish ribbed velvet, silk and flannel over 
the thumb, index, middle and ring fingers. Over the first three digits the loss 
was absolute and he said he had “no idea’’ what I was rubbing over his 
fingers. On the ring finger he could not determine which of the three fabrics 
he was feeling, but they seemed different from one another ; at the same time 
they all produced a different sensation from anything he experienced on the 
normal hand. On the affected little finger-all three fabrics were named 
correctly, but he said there was “ a decided difference between the two hands.” 
“When you put the silk on to the left (normal) little finger it comes down 
softly and I feel it at once. On the right hand it might be anything, until I 
worked at it to get the definite silk feeling, or until you rubbed it in. With 
the ribbed velvet, I recognized at once on the right (affected) little finger, that 
it was a heavier, warmer material ; but I could not make out what it was until 
I thought about it.” 


Sensation was distinctly affected on the right lower extremity, though to a 
less degree than on the hand. 

Measured movement.—At the normal great toe, ankle and knee, he re- 
sponded perfectly with passive movements of 1°. But, on the affected side, he 
required a range of from 3° to 6°, and from 3° to 5° at the great toe and ankle 
respectively before an answer was evoked. At the knee he appreciated a 
movement of from 1° to 2°, but he was somewhat slower than on the normal 


side. 

Compass-test.—On the normal sole he gave a perfect set of readings at 
3 em., whilst on the right foot he was equally confused at 3, 4,6 and 10 cm. 
This confusion was evidently in part due to irregular tactile responses, for he 
complained: “On the right foot some touches are much duller, some much 
more lively. Even when they seem two, the two points are quite different in 
feeling.” 

Tactile hairs—On the normal sole he reacted perfectly to a hair of 
23 grm./mm.’, and to 13 out of 16 consecutiye contacts with one of 21 
grm./mm.’ But on the right sole no threshold could be obtained, even with 
100 grm./mm.’ During the testing on the affected foot he said: “ It seems as 
if it was on all the time. It’s just the difference between a point and a 
straight line; on the good foot, it has position but no magnitude, on the other 
one (right) it has magnitude without position. I feel you must press on the 
part or I could not bear it. It sets me on edge, just as your teeth feel when 
a knife is scraped on a plate.” 
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Thermal.—The feet are not usually a favourable field for observations on 
thermal sensibility, especially in the winter, and this case was no exception to 
the rule. However, he was certain that the sensation he obtained from the 
two feet was not identical with the same hot or cold stimulus, and he was 
unable to distinguish 35° and 45° C. on the right sole: they seemed to him the 
same throughout a series of observations, although they were easily recog- 
nized and named correctly when applied to the left sole. 


A further set of observations were made in June, 1917, exactly twelve 
months after the injury, and yielded results which did not differ materially 


from those detailed above. 



























Case 6.—An ecample of the effects of a subcortical injury. Wounded July 3, 
1916, by a shell fragment in the left frontal region. Trephined July 4. 
Came under my care July 17. The observations recorded below were 


made during March, 1918, twenty months after he was injured. The 
wound lay in-front of the Rolandic area, but had produced subcortical 
changes in motion and sensation. These affected the right hand and foot. 
Isolated movements of the fingers good with eyes open. No hypotonia. 
Movements of the toes and dorsiflexion at the ankle were less perfectly 
performed right than left. Right abdominal reflex diminished ; othe) 
refleres normal. Sensation was affected in the right hand, and the loss lay 
mainly over the post-axial parts. The records showed the raised threshold 
and the absence of irregular answers and hallucinations, characteristic 


of a subcortical lesion 


Captain R. D. D. C., aged 41. 
On July 3, 1916, he was hit in the frontal region by a fragment of a high- 
explosive shell, which penetrated his helmet. He became unconscious for a 
few minutes, and then went on with his work. Shortly afterwards he 
“ fainted,” but crawled back to the dressing station. The wound was thought 
to have injured the scalp only, and he was passed on rapidly to Boulogne. 
Here he was operated on at 7 a.m. on July 4. OnJuly 17 he was evacuated 
to England, and was for a short time in the Empire Hospital for Officers. 

The wound healed before the end of July. It consisted of a surgical flap 
in the frontal region, bounded by a semi-lunar incision posteriorly, which 
extended further to the left than to the right of the middle line. This 
covered an irregular trephine opening in the skull, which began 6°5 cm. from 
the nasion and extended backwards for 55 cm. This opening, which was 
roughly triangular with the apex posteriorly, extended 2.5 cm. to the left 
and 1°25 em. to the right of the middle line. It pulsated heavily, especially 
when he put his head down. The total distance along the nasion-inion line 


was 34 cm. 
He returned to work in March, 1917, but happened to come under my care 
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again in March, 1918, twenty months after the date of the wound. He was 
then in an excellent condition for detailed examination, and the following 
observations were made between March 6 and April 3, 1918. 

The site of the wound now consisted of a deeply depressed area over the 
opening in the skull, which bulged when he coughed, or when he put his head 
down towards the ground. 

His mental state was extremely good ; he was a highly intelligent soldier, 
who had become tired in consequence of too much irritating routine under 
an unsympathetic commanding officer. Headaches were at first troublesome, 
but rapidly improved under quiet and rest. He had not suffered from convulsions 
or seizures of any kind. 

Vision was good, and the discs showed no signs of having been affected at 
any time. The pupils reacted well, ocular movements were normal, and there 
was no nystagmus. 

The movements of the face, tongue and palate were carried out perfectly. 

Reflexes.—All the deep reflexes, both of the upper and lower extremity, 
were equal on the two halves of the body. The plantar reflexes were brisk 
and the great toes gave a downward response. The only reflex abnormality 
was distinct diminution of the response from the right half of the abdomen ; 
in both the upper and lower segments the movement was slow, of small extent, 
and confined to the neighbourhood of the stimulated spot, whereas on the left 
side a scratch either above or below the umbilicus tended to produce a brisk 
movement of the whoke abdomen. 

Motion.—Isolated movements of the fingers and thumb of the affected 
hand were well performed so long as his eyes were open, but when they were 
closed the right little, ring and middle fingers moved clumsily and even the 
index did not move as accurately as the left. He complained that the “little 
and ring fingers are the worst, the middle finger is somewhat better, but even 
the first finger is a little difficult.” The grasp of the right hand was obviously 
less than that of the left, and movements of the right wrist were also slightly 
weaker, but those of the elbows and shoulders were equally strong on the two 
sides. He used to be a strongly right-handed man, but was now using the 
left hand for picking up small objects or for turning the handle of a door. 
There was no wasting and no hypotonia. 

Under normal conditions he walked well; but the right foot easily became 
tired, and, when this happened, he noticed that he did not “ clear things” on 
the ground so easily as with the normal foot. When he got out of bed at 
night, or was walking in the dark, he always used his left foot to “feel the 
ground.” 

He could make all movements with the right lower extremity; but flexion 
and extension of the toes were somewhat slower, and dorsiflexion and 
plantar extension of the foot less strongly performed on the right than on 
the left side. 

With the eyes open he could stand on either foot, but staggered when he 
attempted to balance himself on the right with his eyes closed. In testing his 
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co-ordination, the right foot was certainly clumsier than the left; when his 
eyes were closed, he had distinctly more difficulty in finding the right great toe 
with the left heel than vice versa. 

There was no spasticity and no hypotonia. 

Sensation (between March 9 and March 30, 1918, twenty months after the 
wound). 

He complained that “the three fingers (little, ring, middle) of the right 
hand seem as if they were always going to sleep. I have to move them about 
to make them come to again. When I wake at night I sometimes feel as if I 
hadn't got these three fingers, and the whole of that part of the hand seems to 
disappear, too.” 

I have placed on the following table the results obtained with the ten tests. 
They are so clear and definite that I shall only comment shortly on each set 


in turn. 








| Right affected hand Left hand 


Little finger Ring tinger Middle tinger (Index tingr Thumb Normal digits 


OR ied , | 


Measured | Average 19° Average 14°6° Average 9 Average 8 Average 2°5° | Perfect at 1° to 2 


movement 


Vibration 29 sec. 27 sec. 23 sec. 23 sec. 18 sec. 

Compass-test 1 cm. lcm. lcm, 05cm. Slower 0°5. Intro- | Perfect at 0°5 cm. 
spective 

Localization Not affected Notaffected Notaffected | Not affected Not affected | No mistakes 

Tactile hairs | Not perfect at Threshold Threshold Threshold Threshold | Perfect reading 


110grm./mm.?' 110grm./mm.? 70 grm./mm.?|35grm./mm.? | 35 grm./mm.?| with 14 grm./mm.? 





Thermal - | No differan- 3 errors 2 errors Introspective Perfect 35° to 43° perfectly 
tiation recognized 
Prick oe 9 grm. 7 grm. 7 grm. 6 grm. 83 grm. 3 grm. thumb, 5 
. grm. index, 4 grm. 
other digits 
Weight -. | 8 errors 5 errors **Much more 2 errors Perfect Perfect series of 12 
difficult ” tests on each digit 
Form oe Defective Defective Introspective | Good Good Perfect recognition 
Texture .. | 3errors, much 3 errors Introspective | Introspective | Introspective | Named all 4 tests 
doubt correctly on all 
digits 
SD 
Measured Movement.—On each finger I have given the average of ten 
movements. In many cases, with a purely cortical or combined cortical and 


subcortical lesion, this is not possible, because of the uncertainty of the 
answers and of hallucinations of movement. In this case, however, among 
the fifty answers from the affected fingers, the direction was wrongly given in 
two instances only, and the figures fell within remarkably close limits on any 
one finger. 

Vibration.—The difference between any two digits was considerable, even 
on the two thumbs. This test did not reveal the same fine differences of 
appreciation as measured movement, although the same number of fingers 


were affected. 
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Simultaneous compass-test.—He gave perfect records on the normal digits, 
when the points were separated by 0°5 cm. only. He was conscious of a 
difference between all the digits of the right hand and those of the left. But 
the first obvious change appeared in the index finger, where the answers were 
slow, although the record was perfect as 05cm. Over the middle, ring and 
little fingers it was necessary to separate the points to 1 cm. before he could 
give a perfect series of replies, and the little finger was evidently most severely 
affected. 

Localization was not obviously disturbed. 

Tactile hairs—This test revealed a condition different from that usually 
found with a lesion of the sensory cortex. The lighter hairs were not appre- 
ciated at all, and each succeeding increase in the strength of the stimulus gave 
a corresponding increase in the number of replies. The little finger was the 
only digit where a threshold was not ultimately obtained. There were no 
hallucinations or gross irregularities of response [p. 138]. 

Thermal tests.—When two silver test-tubes, containing water at 35° C. and 
at 43° C., were applied in irregular sequence to the palmar aspect of the 
terminal phalanges of the normal hand, he answered quickly and correctly in 
every case. On the right thumb and index finger he made no mistakes; he 
said that it was less easy over the right index than over the left. Over the 
middle finger he twice thought that the tubes were of the same temperature, 
whilst on the ring finger three out of four applications were thought to be the 
same. On the right little finger he failed altogether to recognize that the tubes 
were of a different temperature. 

When 40° C. was applied to each digit of the two hands in turn, he 
noticed no difference between the sensation in the two thumbs; but it seemed 
“easier” on the normal index, and over the left middle, ring and little fingers 
the same tube seemed “ hotter’’ than on the affected hand. * 

Prick.—To this last there was a distinct raising of the threshold over the 
middle, ring and little fingers of the right hand. 

Weight.—This test was carried out by adding and subtracting weight on 
each digit in turn. From the thumbs he gave perfect answers, but on the right 
index he twice failed to reply, when a weight was removed. This is one of the 
earliest signs by which a disturbance of this aspect of sensibility is revealed in 
cases of cerebral lesion. Over the right middle finger he made no actual 
mistake, but was much slower even than over the index, and complained that 
he found the test “much more difficult’ on the right hand than on the left. 
The ring and little fingers were more obviously affected, and here he failed five 
and eight times respectively out of twelve tests on each digit. 

Form.—It was very difficult to be certain of the results of this test when 
the sphere, cylinder, pyramid, cube, cone, and ovoid were rolled over each finger 
in turn; but he was obviously much slower in his answers from the little and 
ring finger of the right hand. With the middle finger he made no mistakes, 
but found it easier to be certain on the left than on the right hand. There was 
no definite difference between the thumb and index fingers on the two sides. 
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Texture.—Velvet, silk, cotton, and flannel were named in every case 
correctly, when rubbed over the normal digits. On the right hand, however, 
even the thumb seemed to him to be affected, although the only mistakes were 
found when the tests were applied to the ring and little fingers. Here he either 
said he “did not know”’ or spoke of the roughness or smoothness only of 









each textile fabric. 





Case 8.—This case is cited as an example of disturbed sensibility at the elbow, 
and to a less degree at the wrist, without obvious affection of the hand or 
shoulder. Wounded in the left side of the head on December 21, 1915, 
by shrapnel. He was trephined within a few hours of the injury over 
the middle, pre- and post-central convolutions. From the first the changes 
in motion and sensation.lay in the neighbourhood of the elbow and wrist. 
The hand was slightly affected at first, but had recovered entirely six weeks 








after the injury. 





Lieutenant L. A. D., aged 20. 

He was wounded on December 21, 1915, by shrapnel, at Cape Helles. He 
dropped, and was unconscious for a few seconds only. 

On January 5, 1916, he was seen by Sir James Purves-Stewart, who kindly 
sent me the following account: “The patient immediately lost power in the 
right upper limb. Within an hour or two he was operated upon at the 
17th Stationary Hospital, where a trephine opening was made; the anterior 
edge was } in. behind the Rolandic fissure at a point 25 in. from the middle 









4 
line, measured along the fissure. The scalp wound has completely healed. 


Within a couple of days the right upper limb began to recover and has since 
steadily. There has been occasional left-sided headache. No 






improved 
vomiting. 

“His condition on January 5, 1916, was as follows: Speech and articula- 
tion were normal. Visual fields were normal and there was no hemianopsia. 
Pupils and cranial nerves normal. Optic discs not affected. To the lightest 
cotton-wool touches and to pin-pricks there was no loss of sensation in the 
face, trunk, or limbs, but light touches and pricks on the right forearm and 
hand produce a mild sensation of superadded tickling. Similarly with a 
vibrating tuning-fork. The joint-sense was normal at all joints. Compass- 
test normal on both hands (right 2 cm., left 14cm.) Stereognosis perfect with 
both hands and feet. 

“ Right upper limb slightly feebler than the left, especially the hand and 
fingers. Slight unsteadiness of right upper limb with finger nose test. Some 
clumsiness in buttoning his clothes with his right hand and in using a knife 










at meals. . 

“ Right wrist-jerk and right knee-jerk brisker than left. Ankle-jerks equal. 
Plantar reflexes flexor; abdominals brisk and equal.” 

He first came under my care on February 1, 1916, six weeks after the 
The wound was firmly healed and consisted of a round opening in the 











injury. 
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skull, which pulsated strongly. It extended from 14°5 to 18 em. behind the 
nasion. The upper border was 4 cm. and the lower border 7 cm. to the left 
of the middle line. The opening was 3°5 cm. in length and 3 cm. in breadth 
vertically. The total distance between the nasion and inion was 34 cm. 

He was highly intelligent and an excellent subject for examination. He 
did not suffer from headaches; speech was normal and he had had no 
convulsions or seizures. 

Vision was perfect and the discs showed no signs of past or present 
changes. The pupils reacted normally, ocular movements were well performed 
and face and tongue were unaffected. 

Reflexes.—The right wrist-jerk was brisker than the left, but otherwise the 
reflexes were normal and equal. The abdominals were active in all four 
segments and the toes went downwards, when the soles were scratched. 

Motion.—There was no paralysis of any part of the hand and both grasps 
were strong; but his writing had changed. He used to write quickly a some- 
what rounded hand; now the letters had become pointed and jerky, like those 
of an old man. This he thought was due to the condition of the wrist and not 
to any fault in the fingers. When he held out his hands in front of him, the 
fingers were in alignment and individual movements were perfect. There was 
no inco-ordination with the eyes open, but when they were closed the move- 
ments of the limb as a whole were slightly ataxic. The fingers were neither 
hypotonic nor spastic, and the tone of the arm was not obviously increased 
apart from the exaggeration of the right wrist-jerk. 

His gait was normal and the lower extremity was not in any way affected. 

Sensation.—He complained that the right elbow “felt odd and heavy ”’ 
compared with the left. The hand seemed to him perfectly normal. 

Measured movement.—I could find no loss of appreciation of passive move™ 
ment anywhere except in the right elbow and wrist-joint. In all the digits 
and at the shoulder-joint, he responded perfectly to an excursion of 1°. 
But, at the right wrist-joint, it was necessary for a movement to reach 3° to 4° 
before it was appreciated. At the right elbow-joint he showed all those 
deviations from normal so characteristic of a cortical lesion; not only was 
the threshold raised to between 7° to 10°, but hallucinations of movement 
frequently disturbed the records. This never occurred on the normal side, 
where he appreciated a movement of 1° or less with extreme accuracy. 

Vibration.—The tuning-fork showed no abnormality over the digits on the 
radial aspect of the wrist. But there was profound shortening of from ten to 
twelve seconds over the right elbow-joint. This was appreciable to me; for 
he called out that the fork had stopped beating on the right elbow long before 
it ceased to be perceptible to my fingers. This was not the case when it was 
placed on the left elbow. The shoulder-joint gave equal readings on the two 
sides. | 

Compass-test.—The fingers and palm yielded equally good records on the 
two sides, when the points were separated tol cm. Over the normal (left) fore- 
arm he did not give a perfect series of answers until they were 4 cm. apart; 
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3 cm. was distinctly below the maximum threshold. But on the right forearm 
he showed complete want of discrimination and confusion between one and 


two points even at 10 cm. The two soles gave a perfect series of answers 


at 3 cm. 
Localization was not affected on the hands; but he seemed to be more 


uncertain in the neighbourhood of the right than of the left elbow. This 
proved to be the case at a subsequent more detailed examination. 

Tactile hairs.—Over the fingers and the palm of the hand he reacted 
perfectly to a hair of 21 grm./mm.’, but tactile sensibility was obviously” 
affected over the flexor aspect of the forearm. On the normal side the 
response to 21 grm./mm.’ was not quite certain and it required a hair of 
23 grm./mm.” before he gave a perfect series of answers. But, over a similar 
part of the right forearm, even 35 grm./mm.* failed to evoke a sensation with 


every contact. He said “ the left is easier and I can be more certain on the 


left arm.” 

The soles gave perfect records with 21 grm./mm.’ 

Thermal-tests—The hand was unaffected, and I could find no certain 
change of sensibility over the forearm in the neighbourhood of the flexure of 
the elbow. But he said, “It takes some time over the right elbow before I 
recognize that there is anything there at all. When I have recognized it, I 


begin to feel the temperature.” 
Prick.—I could find no difference in sensibility to prick between the two 


upper extremities. 
Weight.—There was no difference between the two hands in the power of 


discriminating weights. 


This patient was examined on several subsequent occasions and all the 
observations pointed to affection at the right elbow without disturbance of 
the hand or shoulders. I shall pass on, however, to his condition in June, 1918, 
two years and six months after the injury. 

He was in excellent physical condition and had had no convulsions or 
seizure. From time to time, about once a month, he suffered from headache, 
always connected with some increase of pulsation in the scar. Running up- 
stairs or excessive heat would bring on the headache, which passed off when 


he lay down. 
The scar was firm, tough and somewhat depressed ; it did not pulsate as he 


sat upright in a chair. 

Reflexes.—All the reflexes were normal and equal except the elbow- and 
wrist-jerk, which were distinctly greater on the right than on the left side. 

Motion.—The grasps were equal, but his handwriting still showed the same 
changes, though to a less degree than before. He used to be a good lawn 
tennis player, but was now “ terribly bad"; “I hit the ball on the wood 
and sometimes miss it altogether.’’ Golf has not suffered nearly so much. 

He is a strongly right-handed man and, although there is no obvious 
paresis of the right arm against resistance, the force exerted is not greater than 
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that of the left, when bending or straightening the elbow., He is using his 
left arm more and more because he finds the right armclumsy. When he held 
his arms out in front of him, the fingers were in perfect alignment and did not 
fall away on closing his eyes; but the arm swayed somewhat and was less 
steady than the left. He could touch his nose perfectly with the right fore- 
finger when his eyes were open; as soon, however, as they were closed, he 
became uncertain in aim and struck some part of his cheek or hit his nose too 
hard. There was no obvious change in tone. 

Sensation —He complained that “the feeling in the right elbow is very 
peculiar; I do not feel when people knock up against me in a crowd as I do 
with the left arm. I get a sensation of some sort, but it is not a normal 
sensation. It would be more accurate to say that someone could bump up 
against me, and I could not tell what it was that touched me.” 

Measured movement.—The index and little fingers, wrist and shoulder 
responded perfectly to 1° of passive movement. The right elbow required from 
1°5° to 3°, and he said, “ It feels quite different in this elbow,” 

Compass-test.—Perfect readings were obtained with a distance of 1 cm. 
over the index and little fingers and palm of the right hand. Over the right 
forearm the threshold was 6 em., whilst over a similar part on the left side he 
gave a perfect series of answers at 4 cm. 

Localization was equally good over the two hands, but was affected on the 
flexor surface of the right forearm in the neighbourhood of the elbow-joint, 
A series of observations were made in which he indicated the spot touched on 
the arm of an assistant. Out of ten contacts he made two distinct errors on 
the normal (left) forearm, whilst on the affected limb one only of the stimuli. 
over approximately similar spots, was accurately localized. Three contacts in 
the neighbourhood of the right wrist were indicated correctly. 

Tactile hairs.—The fingers and palm of the right hand gave perfect 
readings with 21 grm./mm.”; this hair was also appreciated over the flexor 
aspect of the normal elbow. But over a similar part of the right arm 
35 grm./mm.” was necessary before he responded to every contact. 

The difference between the two limbs was evident, when a record was 
taken with a hair of 21 grm./mm.’ in the following manner: First a few 
contacts were made on the normal, and then a similar number on the affected 
arm, changing from side to side until sixteen stimuli had been applied to each 
in turn. The following results were obtained :— 


Left elbow .. LI.1.1. 1.11.11. L111. 
Right elbow .. 0.1.1.1. 0.1.0.0.1.1. 1.1.0.0.1.0. 


At the end of these observations he said: “ Here again the principal 
difference is that I am not so certain on the right arm.” 
Weight, form and texture were all perfectly appreciated on the right hand. 
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Case 15.—Wounded August 20, 1916, over the vertex in the parietal region. 
The wound extended slightly more to the right than to the left of the middle 
line. This case is remarkable because the three aspects of cortical sensi- 
bility were dissociated ; spacial recognition was disturbed in the left foot 
and ankle, tactile and thermal discrimination were defective in the right 
foot, whilst the power of appreciating similarity and difference was not 
ajfected on either side. The reflexes were normal and individual movements 
were carried out equally well in both feet. The left great toe was definitely 
hypotonic. 

Lieutenant E. D. J., aged 22. 

He was wounded on August 20, 1916, with a piece of shell-casing which 
perforated his helmet. He fell and became unconscious for a few seconds. 
Two hours later he vomited. He had very little headache at the time. From 
the first the left leg “ felt odd”’; he wanted to step over a man in the trench 
and stepped on to him. No operation was performed at any of the hospitals 
through which he passed before he came under my care. 

He was admitted to the London Hospital on September 2, 1916, without 


a note of any kind. 

The wound consisted of a linear cut across the middle line of the scalp, 
with a suppurating sinus leading down to an extensive area of bare bone. The 
anterior border of this opening lay 21 cm., and the posterior border 22 cm., 
from the root of the nose. It extended 1 em. to the right and 2 em. to the 
‘left of the middle line. The total nasion-inion measurement was 34 cm. A 
radiograph showed flaking of the inner table of the skull and a small fragment 
of metal superficial to the bone. 

The following observations were made between September 2 and 20, 1916. 

He was an intelligent man, who had been an accountant in civil life. He 
suffered from little or no headache, and had had no convulsions or seizures of 
any kind. Speech was normal. 

He was slightly myopic, but on correction his vision was §. The visual 
fields were normal. 

Pupils, movements of the eyes and those of the face and tongue were 
unaffected. 

All the reflexes were normal, both superficial and deep. 

Motion.—The upper extremities were entirely unaffected. 

He could walk well and his gait was not obviously changed, though he 
complained that the left foot was still clumsy; for instance, he found it 
impossible to put on his slippers if he was standing up. 

There was no paralysis, and all movements of the toes could be carried 
out as well on the one foot as on the other. 

So long as his eyes were open, he could stand well on either foot and there 
was no obvious inco-ordination. But on closing his eyes he was distinctly 
more unsteady on the left than on the right foot and movements of this leg 


were somewhat ataxic. 
The most striking difference between the two feet was the hypotonic 
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condition of the left great toe. Thus, when pushed up, it could be extended 
passively so as to subtend less than a right angle with the line of the dorsum 
of the foot. The mobility of the right great toe was noticeably less ; it could 
be’ pushed up to form an angle of about 120° only. 
There was no obvious wasting in either lower extremity. 
Sensation.—The two feet seemed to him quite different. The left was 
“ clumsy ” and there was a “ fat feeling under the toes.” But this foot was 
“ quicker in picking up a cold feeling ” than the right. 
The two hands were normal to all the tests for sensation. 
* Measured movement gave the following results : — 
Right Lejt 
Great toe .. ye! 1° to2°. +e 3° to 5° 
Ankle ne a lo we ae 2° to 3° 
Knee as ae le “ a lo 


Vibration.—When the tuning-fork was placed over the ball of the great toe, 
there was a shortening of from 7 to 10 seconds against the left foot ; but over 
the inner malleolus there was no definite difference. This supports the results 
of examination by means of passive movement. 

Compass-test.—The records obtained with this test were of great interest ; 
for they showed the difference in the records due to want of two-dimensional 
discrimination and to unequal tactile appreciation. I give here the actual 
readings, where a stroke represents a correct and a cross a wrong answer. 
These have been translated into numbers on p. 128. 

Right sole (tactile loss) Left sole (spacial loss) 


ll lxl lxlxx ll iil 1 


1 1 
2 1 xxl lxlxx 2; Ixxl  Iixxl ] 
1 xxx! Ixll ll 1 ll lll ll 
2 |” Ixxx ixl ixl eT VT a @ 
Ixxl llxl 
xlxx Ixxxl 
S on .% ll ll 
il ] 1 il li 


83cm. 


4 cm. 





6 cm. 


10 cm. 


Localization was unusually good on both feet and I could discover no 
difference between them; but it must be remembered that our method of 
testing localization, applied to the feet, can reveal coarse changes only. 

Tactile hairs.—The contrast between the condition of the two soles to this 


test was striking. 
Right sole (affected) Left sole (unaffected) 
21 grm./mm.? _ loolooooollooe0o 


23 grm./mm.? ololollllloooo : ‘ 


35 grm./mm.?__llolloloooololll 

70 grm./mm.? _lololloloolooolo 
100 grm./mm.?_ oloooollolololll 

21 grm./mm.? _loooolooloololol 

21 grm./mm.? — Nollolilololll 
23 grm./mm.,? - PODRDODDE URE OEE 
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He complained that on the right sole he had great difficulty in knowing 
when the hair was put on or taken off ; “ It seemed like a feather rubbed over 
the foot.’’ On the left sole the sensation was normal. 

Thermal test.—I could not find any definite difference between the thresh- 
holds for heat and cold, but at this time I carried out no comparative observa- 
tions on the sole [vide infra p. 228). The’ determination of thermal thresholds 
on the foot is extremely difficult, and often yields unsatisfactory results unless 
the greatest precautions are taken to prevent exposure. In some patients 
the feet are naturally cold, even in bed. , 

Prick.—The threshold for prick was the same on two soles (3 grm.). 

korm.—He could recognize all these tests when he was allowed to roll 
them under his feet against the ground. 


On September 27, 1916, Mr. Walton trephined over the area of the wound 
and removed an irregular piece of the inner table of the skull; it lay loose on 
the dura, which was not perforated. The longitudinal sinus was directly to the 
right of the situation in which lay the loose fragment. Some pieces of metal 
were removed from the neighbourhood of the outer table. The wound finally 
healed on November 18, 1916. 

I was able on several occasions to confirm the existence of the remarkable 
dissociation of sensibility given in detail above; but it will be sufficient to add 
a short account of observations made during the last week of February, 1917, 
six months after the injury. 

His general condition was excellent. His memory and attention were 
good, and he was able to read with interest, and remember what he had read. 
He was entirely free from headache, and had had no convulsions or seizures 
of any kind. 

The reflexes were in every way normal and equal. 

Motion.—-Movements of the toes were as well executed on the one side as 
on the other, and the only abnormal condition was some hypotonia of the left 
great toe. This was, however, considerably less than at the first examination. 
He could walk seven miles, but after about five miles noticed that his left foot 
became tired and dragged. 

Sensaticon.—He still had “a curious abnormal feeling’”’ in the left foot, 
especially ‘over the toes and pads, where the front of the foot touches the 
ground.” 

Measured movement.—He answered quickly and accurately to passive 
movement of 1 in the right great toe; on the left side he required a range 
of 2°, and was slow in his replies. The left ankle was now normal, and he 
responded to movements of 1”. 

Compass-test.—On the right sole he still complained that “a touch seemed 
to linger, and it is difficult to find out if it is the one you put on last or the 
two points together.” He gave an almost accurate reading, however, at 6 cm. 

On the left sole he responded with a perfect series at 3 cm., the smallest 
distance that can safely be applied in clinical examination. 
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Localization was equally good on the two feet; he made no mistakes on 
either side. 

The tactile hairs revealed exactly the same changes as before. He com- 
plained: “I seem to be longer in feeling it on the right foot. My difficulty 
was the uncertainty of contact.” 

On the right sole a good reading Was obtained with 70 grm./mm.’, marred, 
however, by a tendency to hallucinations; all hairs of lower bending strain 
showed obvious defects of sensibility. On the left sole the condition was 
exactly as before; 23 grm’mm.’ was perfectly appreciated, whilst with 
21 grm./mm.” he did not recognize all the sixteen stimuli. He was certain 
that, as far as this test was concerned, the left foot was normal. 

Thermal tests.—I devoted one sitting to a series of observations on thermal 
sensibility. I could find no definite change in the thresholds for heat and cold, 
but the foot is so unsatisfactory a situation for tests of this kind, and his 
answers were so much slower from the right than from the left sole, that I 
carried out a series of comparative observations. He had no difficulty in 
recognizing the relative warmth of two silver tubes at 35° and 44° C. on the 
left sole; but on the right, out of seven observations, he was wrong four times, 
once doubtful and twice correct in his answers. Not only was he slower, 
but said, “I feel uncertain in the right foot; it takes me longer to grip it.” 

Prick.—I could find no difference in the threshold on the two soles. 

Weight.— On a previous occasion a careful series of observations had been 
made by adding and subtracting weights, placed on the dorsal aspect of the 
basal phalanx of the great toe; the soles rested flat on the bed and were fully 
supported. He was remarkably accurate in his replies, when the test was 
carried out in this manner, and I could find no difference between the aptitude 
of the two feet. 

Form.—He had no difficulty in recognizing the various test-objects when 
he was allowed to roll them under either foot. He could discover no difference 
in the sensations from the two soles. 


Case 18.—This case is a remarkable example of dissociated sensibility due to a 
lesion of the cortex. The tactile hairs showed distinct sensory loss over the 
thumb, index and middle fingers, although the power of appreciating 
passive movement and vibration was perfectly preserved. The compass- 
test was defective in consequence of the loss of tactile sensibility. Individual 
movements of the three pre-axial digits were clumsy. There was no 
hypotonia. ‘ 


Colonel M., aged 46. 

On October 4, 1914, he was hit in the right parietal region by a rifle bullet. 
It must have been a glancing blow, for the bullet was found beside him. 

He was admitted to the Allied Forces’ Base Hospital, and Mr. Whitehall 
Cole kindly furnished the following report :— 

“ The patient was fully conscious on admission, but showed definite signs of 
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cerebral irritability. He was hemiplegic, chiefly in the left arm and face; the 
leg was slightly affected only. 

“ At the operation on October 23, definite cerebral substance could be seen 
to protrude through the scalp. Several small fragments of bone lay loose in 
the wound. The dura showed a small lacerated wound from which there was 
slight exudation of cerebral substance. All loose fragments of bone were 
removed and the osseous opening was slightly enlarged sufficiently to ascertain 
that no depressed bone remained. The wound was closed except for a gauze 
drain passed down to the dura. 

“ Recovery was steady and uneventful. The leg cleared up rapidly. The 
face began to improve after the operation and progressed steadily. The arm 
made very little progress until the last week or ten days of his stay, when his 
grip became stronger. There was no return of movement at the elbow and 
wrist.” 

The leg recovered completely and his general condition became normal : 
but the thumb and index finger of the left hand showed no improvement. 

On June 23, 1915, he had an epileptiform attack associated with an 
abnormal “ feeling” in the left arm, followed by a short period of 


unconsciousness. 
On June 28, 1915, he was admitted to the Palace Green Hospital for Officers 


under my care. 

The following observations were made between July 14 and July 20, 1915, 
283 to 289 days after the injury. 

The wound was perfectly healed; it was represented by a small opening 
in the skull 2 cm. horizontally and 1°5 em. vertically in the right temporal 
region. The anterior border of this trephined area corresponded with a point 
15 em. back from the nasion and 10 em. to the right of the middle line. The 
total nasion-inion line was 35°5 cm. in length. The opening was depressed 
and did not pulsate. A radiograph showed no abnormality beyond the opening 


in the bone. 
He was an unusually intelligent man of intellectual tastes and an excellent 


subject for examination. 

Speech was normal. He suffered from no attacks or seizures beyond the 
one already described. He was free from headache, nausea or vomiting. 

Pupils and ocular movements were normal. 

There was slight weakness of the lower portion of the left half of the face 
and the tongue tended to turn to the left on protrusion. 

Reflexes.—The left arm-jerks were brisker than those from the right upper 
extremity. .The left knee-jerk was slightly more active than the right. The 
plantar reflexes were normal, but the response from the left lower segment of 
the abdomen was undoubtedly sluggish compared with that from the right. 

- Motien.—When he held both arms in front of him, the digits of the left 
hand were not in alignment. On attempting to abduct them they fell into 
great disorder. Isolated and individual movements of the fingers and thumb 
were badly executed ; they were slow, clumsy, and ineffective. 
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All movements of the wrist and elbow were strongly performed against 
resistance. 

When the hands were held out and the eyes were closed, the left wrist 
became slowly flexed and the fingers fell out of place. There was definite 
ataxy, when he attempted to bring his left forefinger to his nose 

No hypotonia and no tonic rigidity could be discovered in any part of the 
left upper extremity. 

There was no wasting of the hand or arm. 

The left Jower extremity was in every way normal. 


Sensation.— 


CE ae 


Right hand 


Measured 
movement 
Vibration 


Compass- 
test 


Localiza- | 


tion 
Tactile 


Thumb 


| 
j 


Perfect at 1° 


Perfect 


Affected at 
3 cm. 
Perfect 


Left (affected) hand 


Index finger 


Perfect at 1° 
Perfect 
Affected at 


3 cm. 
Perfect 


Middle finger 


| 


Ring finger 


Little finger 





Perfect at 1° 
Perfect 
Affected at 


3 cm. 
Perfect 


| Threshold with Gross loss with | Threshold with| 


Perfect at 1° 
Perfect 
Perfect at 
1 cm. 


Pertect 


Perfect with 


Perfect at 1° 
Perfect 
Perfect at 
1 cm. 
Perfect 


Perfect with 


Perfect at 1° 


Perfect at 
1 cm. 
Perfect 


Perfect with 





hairs | 35 grm./mm.? 100grm./mm.?/ 23 grm./mm.? | 21 grm./mm.? | 21 grm./mm.,?}| 21 grm,/mm.? 

Thermal ..| Not tested Defective Not tested | Not tested Not tested | Perfect appre- 
| | ciation of 

| 35 ° and 40°C. 


Not affected | Not measured 


Not affected Not measured | Not measured | 


Prick 
| 
Perfect appreciation over 


Gross want of appreciation 
these two fingers together | 


over these two fingers together | 


Weight Not tested 





The left lower extremity was in every way normal. 


These observations are remarkable for the perfect readings given by the 
test for passive movement and vibration in spite of the obvious affection of 
tactile sensibility. The compass-test was disturbed from the latter cause 


(p. 128). 


I had the opportunity of examining him carefully on several subsequent 
occasions, but shall only append a short summary of observations made on 
September 26 to 28, 1915, 357 days after the injury. 

He had had no further attacks, and had suffered from no headaches. 

There was still slight weakness of the left angle of the mouth, and the 
tongue tended to deviate to the left on protrusion. 

Refleces.—The left wrist-jerk was distinctly brisker than the right, but the 
kneé-jerks and ankle-jerks were normal. The plantar response was normal, 
and the left lower segment of the abdomen responded briskly to stimulation. 

Motion.—He complained that he could not use his fork properly, and 
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could not use his left hand to do up his boot-laces. “I have no grip between 
the thumb and first finger, and have to hold my fork between the middle and 
ring fingers.” 

He could abduct, extend and flex the thumb, but the movements were 
clumsy and were nearly always associated with motion in some other digit. 
The same want of co-ordinate sequence was seen in movements of the index 
and middle, but not in those of the ring and little fingers. 

There is no increase or decrease of tone and no wasting. 









Sensation.— 










Left (affected) hand Right hand 


















Thumb Index finger Middle tinger Ring finger Little tinger 





















































Measured Perfect at 1° | Perfect at 1° | Perfect at 1 Perfect at 1° | Perfect at 1° | Perfect at 1 
movement 

Vibration Perfect Perfect Perfect Perfect Perfect _ 

Compass-_ Affected at Affected at | Not quite per- Perfect at Perfect at | Perfect at 
test 3 cm. 3 cm. fect at 3 cm. 1 cm. 1 em. lem. 

Localiza- Perfect Perfect Perfect Perfect Perfect _ 
tion } 

Tactile Threshold Threshold Slow with Perfect Perfect Perfect 
hairs with with 21 grm./mm.* | 21 grm./mm.* 21 grm./mm.? | 21 grm./mm.* 

23 grm./mm.* | 23 grm./mm.* | 
Prick Not affected Not affected Not affected Not affected Not affected _ 
Weight Not tested Gross want of appreciation Perfect appreciation over 








over these two fingers these two fingers together 


tested together 


nn 


| = 






Case 19.—This is an example of the third form of sensory dissociation, which 
may occur in consequence of a cortical lesion, The power of recognizing 
similarity and difference of weight and form was not disturbed in spite of 
considerable loss of the other \iwo sensory groups. Wounded December 6, 
1917, with a machine-gun bullet which produced a gutter fracture in the left 

Trephined four hours later, when the dura was found to be 

It was incised and blood-clot and brain-pulp 







parietal region. 
intact but bruised and blue. 
Isolated movements of the rught hand perfect with his eyes open, 
Reflexes unaffected. 







evacuated. 
Distinct hypotoma of little and ring fingers. 













Second Lieutenant D. P., aged 23. 
On December 6, 1917, he was shot down from the air, when patrolling over 
the lines. He must have been unconscious for about two minutes, but when 
he came to himself his machine was flying normally; on trying to control it 
he found his right hand was useless. He saw his hand upon the lever, but 
thought it belonged to his observer: he then appreciated that it was his 
own, and replaced it by his left hand. The foot and leg was not affected in 
He brought the mactine down safely and walked to the dressing 












any way. 


\ 
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station. His head was bleeding very little, he did not vomit, and suffered from 
no headache. 

He arrived at the Casualty Clearing Station about four hours later, and 
was operated upon at once. The dura was perforated; blood-clot and brain 
matter were evacuated. Wound closed. 

This was followed by much headache and some vomiting. Speech was 
not affected. 

On December 12, 1917, the incision was opened up and some blood-clot 
washed away. The dura was pulsating and was not tense. The wound was 
left open for drainage. 

On February 23, 1918, he was admitted to the R.F.C. Hospital, Bryanstone 
Square, and came under my care. At that time the wound had healed except 
for a minute spot which required dressing for three days only. 

The wound was represented by a longitudinal incision on the left side of 
the head extending from the parietal eminence forwards: almost into the frontal 
region of the scalp. At the posterior end of this line was a gutter in the bone. 
This began posteriorly 21°5 cm. from the nasion; in front it ceased 17°5 cm. 
from that point. It lay from 4 to 4°5 em. to the left of the middle line. His 
head was unusually long, and the total nasion-inion line measured 36 cm. The 
scar was not pulsating and the total extent of loss of bone measured not more 
than 4 em. longitudinally and from 1 to 1°5 transversely. 

The following observations were made between March 10 and 24,1918, from 
94 to 108 days after the injury. 

His mental condition was excellent and he was an accurate and most 
willing observer. 

He was entirely free from headache, and had not suffered from convulsive 
attacks or seizures of any kind. 

The pupils were normal. Movements of the eyes, face and tongue were 
perfect. 

All the reflexes of both upper and lower extremities were normal, and equal 
on the two sides. 

Motion.—The grasp of the right hand was distinctly weaker than that 
of the left, but all individual movements of the fingers could be performed 
perfectly with the eyes open; when they were closed the tip of the right 
thumb was not approximated to that of middle, ring or little finger with the 
same precision as in the left hand. 

All movements of the right wrist, elbow and shoulder were extremely 
powerful. 

If the hands were held steadily in front of him there was no want of 
alignment of the fingers, even when his eyes were closed. 

There was distinct hypotonia of the little and ring fingers of the right 
hand. The other digits seemed to be normal. There was no wasting. The 
right lower extremity was in every way normal. 

Sensation.—He said, “I can use the thumb and first finger; the trouble 
is mostly in the three other fingers. It is a slight stiffness or numbness, as 
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if I had a tight glove on.” He could not play the piano with the right hand : 
“The fingers won’t get on to the right notes.” He was able to button his 
clothes, but found it somewhat difficult with the right hand. 











Right (affected) hand Left hand 










Thumb 





Middle finger Index finger 





Little finger Ring finger 















Measured 15° to 20° 10° to 15° 4° to 8° 2° to 8° | 1° to2° Perfect at 1° 














movement 
Vibration 8 sec. 8 sec. 8 sec. 5 sec. 2 sec, _ 
Compass- Gross loss at Threshold, | Introspective, Perfect at Perfect at Perfect at 
test 3 cm. 3 cm. 1 cm. lom. 1 cm. 1 cm. 
Localiza- One error; Slow , Normal Normal Normal No errors 
tion very slow | 
Tactile 23 grm./mm.? | 23 grm./mm.? 21 grm./mm.? 14 grm./mm.? | 14 grm./mm.,?} Perfect with 
hairs 14 grm./mm.? 
Thermal .. Gross loss Slow; one Normal Normal Normal Perfect appre- 
error ciation of 
35° and 43°C, 
Prick oe 10 grm. 9 to 10 grm. 8 grm. 8 grm. 8 grm. 8 grm. 
Weight .. Perfect Perfect Perfect Perfect Perfect Perfect series 









Form .. .Noloss with these two together No loss with these two together -—— 











Texture .. Affected Affected Introspective Perfect Perfect Perfect 
. recognition 









The right lower extremity was in every way normal. 






Measured mouements.—All five digits of the right hand were affected; the 
loss of sensibility was extremely slight in the thumb, but increased until it 
reached considerable proportions in the little finger. 

Vibration.—This test corroborated the results obtained by passive movement. 

Compass-test.—There was gross loss over the little finger, when the points 
were 3 cm. apart; but over the ring finger a threshold could be obtained at 
this distance. The change in the middle finger was introspective only; he 
found it harder to make up his mind, although his replies were correct. The 
index and thumb were not affected. 

Localization.—He made one definite error only, which consisted in localizing 
a touch over the basal phalanx of the little finger on the same phalanx of the 
ring finger. But in this case the slowness of answering over the little and 
ring fingers compared with his quickness over the other digits gave a better 
idea of the disturbance of localization than the records. He himself said, “ I 
have difficulty in making up my mind; when you touch me on the ring finger 
I cannot be certain whether you are touching me on the ring or middle finger.” 
But he finally succeeded in choosing the correct phalanx and the right digit, 
except once on the little finger. 


Tactile hairs.—With a 14 grm./mm.” hair he said there was no difference 
16 
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between the sensation on the thumb and index fingers of the two hands. On 
the middle finger the threshold was raised to 21 grm./mm.’, and he said it was 
“clearer” on the left than on the right hand. When a hair of 21 grm./mm.” 
was applied in ‘the usual way to the ring finger he not only failed to recognize 
the contact eight times out of sixteen, but said, “ It doesn’t seem like a sharp 
point at all; it is as if you were touching me with your finger.’’ The condition 
was similar over the little finger of the right hand. 

Thermal.—When two silver tubes containing water at 20° C., and at 40 °C., 
were applied to the little and ring fingers of the two hands in varying order, he 
did not fail to name them correctly, but said that 20° C. was “ colder” and 
40° C. “ warmer ” on the normal than on the abnormal digits. 

Two tubes containing water at 35° and 43° C. were correctly recognized 
over the thumb and index finger of the right hand. Over the middle finger 
his replies were also accurate, but he complained that it was “ much easier” 
on the normal than on the affected hand. Over the right ring finger his 
answers were slow, and he made one mistake in four observations. Over the 
right little finger he could detect no difference between the two tubes, but 
named them correctly on the little finger of the normal hand. 

The threshold was raised on the right little finger both for heat and for cold. 
For cold it was about 25° C. on the right and 27° C. on the left hand, whilst 
for heat it was about 36° C. on the right, and 29° to 30° C. on the normal side. 
Thus, the changes consisted in a considerable enlargement of the neutral zone. 
A similar condition, toa less degree, was present over the right ring finger; but 
on the middle fingers the thresholds were identical. 

Prick.—Unfortunately, the threshold over the tips of the normal fingers 
was rather high to this test, and he did not recognize the painful element in 
the prick under about 8 grm. on our algesimeter. But, although there was no 
difference between the thumb, index and middle fingers of the two hands 
some loss of sensibility was present in the ring and little fingers on the right 
side. This came out particularly well when the instrument was set at 
8 grm. and a series of pricks were made over the right and left little and 
ring fingers; they were said to “ prick’ on the left, but to be “ blunt” on the 
right hand. 

Weight and Form.—The striking feature of this case was his perfect sensi- 
bility to these tests. He was not conscious of any difference between the 
two hands, even over the little and ring fingers. 

Texture.— Over the thumb and index finger there was no difference between 
the two hands. Over the right middle finger the four textile objects were 
named correctly, but he complained that he had some difficulty in being 
certain, ““ because they were not so sharp” on the right hand. Over the ring 
finger he made several mistakes, and said, “I can tell it’s a bit of cloth, but I 
can’t feel if it is rough or smooth so well on the right hand.” On the right 
little finger he said it was “ very difficult to tell what kind of thing it was,” 
but named two out of the four stuffs correctly. Evidently this is one of the 
cases where the accuracy of this test suffers through defects of tactile 


sensibility. 
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Case 23.—An example of a combined cortical and subcortical injury. Wounded 
November 14, 1917, by a rifle bullet in the right parietal region. Cerebral 
abscess evacuated on December 8. The wound had healed before he was 
admitted to the London Hospital on February 6, 1918. The main feature 
of the case was the hypotonic condition of the left hand, associated with a 
peculiar change in its contours and general appearance. The maximum loss 
of sensation lay over the index and middle fingers. 

Private W., aged 22. 

On November 14, 1917, he was hit by a rifle bullet, which penetrated his 
helmet. He dropped and became unconscious for a few minutes, but was then 
able to walk about 200 yards to a dugout. He reached the Base Hospital 
about nine hours later, and the wound was excised and sutured at once. 
Vision and speech were not affected, and he suffered little from headache 
during the first twenty-four hours. But the headache then became very 
severe, and by December 4 he had begun to vomit. Four days later the note’ 
on the field card said: ‘‘Going wrong. Cerebral abscess. Headache and 
vomiting. Weakness of left face and arm. Slow pulse; subnormal tempera- 
ture.”’ On December 8 he was operated upon, and a very small fissured fracture 
exposed. When the bone was removed, pus welled up through a hole in the 
dura mater. A small tube was inserted, and the flow of pus became profuse. 
From this time his progress towards recovery was uninterrupted. 

He was admitted to the London Hospital on February 6, 1918, eighty-four 
days after the injury and sixty-four days after evacuation of the cerebral 
abscess. 

All the wounds were healed, and the trephined area was somewhat 
depressed. The site of the original injury was represented by an almost 
horizontal scar, 8 cm. in length, in the right parietal region |fig. 1]. This 
was bisected by a short transverse cut, apparently the result of the first opera- 
tion. Thecentral portion of the wound, which lay directly over the trephined 
area, was 185 cm. along the nasion-inion line and 9 cm. to the right. His 
head was remarkably big, measuring 37 cm. from the root of the nose to the 
level of the the external occipital protuberance. The trephined area was 5 cm. 
in length and 4 cm. in breadth, and of an oval shape; measured along the 
nasion-inion line, the anterior border of the opening was 17 cm. and the 
posterior 22 cm. It pulsated heavily. 

His mental state was remarkably good, speech was unaffected, and he had 
little or no headache so long as he was kept in bed. The headache became 
somewhat severe after he was allowed to get up, and he would suffer from a 
severe attack every two or three days. There was no nausea or vomiting, and 
he did not suffer from convulsions or seizures. 

The discs, pupils, and ocular movements were in every way normal. Move- 
ments of the face, tongue, and palate were unaffected. : 

All the reflexes were equal and normal on the two sides. 

Motion.—The grasp of the left hand was somewhat weaker than that of 
the right in the relation of 30 to 50, but all individual movements could be 
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carried out by each digit in turn so long as the eyes were open. When they 
were closed, however, individual movements became clumsy: he succeeded 
in approximating the thumb to each finger by holding the fingers together in 
a flexed position and bringing the thumb into contact with the tip of each 





Fia. 1. 


in turn. Moreover, the thumb slid off one finger to assume its position on 
the next, and the rhythm of the movement was defective. When the hands 
were held out in front of him, the fingers were in alignment, but, on closing 
the eyes, the little finger drooped ; the other digits were abducted and adducted 
irregularly, and were no longer under perfect control. He could bring his 
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finger to his nose perfectly with his eyes open; but when they were closed it 
was liable to strike the cheek, or to arrive clumsily on the spot at which he 
was aiming. 

There was no gross wasting, but the difference between the two hands was 
profound |fig. 2}. The left hand resembled that of a woman, and was soft 
and rounded with delicate fingers; the right was that of a man capable of hard 
manual work. Its surfaces were squarely modelled, the palm broad and flat 
and the fingers had an appearance of shortness in relation to the hand, as a 


Fic. 2.—To show the condition of the right and left hands in No. 23. 


whole. The left hand, on the contrary, was rounded and soft; its lines were 
less deep. The fingers seemed to be longer and thinner than those on the 
normal side, although by measurement they were actually a little shorter. 
This illusory appearance was due to the smaller width of the left palm, which 
measured 8 cm. compared with 9 cm. on the right hand. The tips of the 
fingers were spatulate on both hands, but less so on the left than on the right. 
The intero’seous spaces were not wasted; they seemed, however, on the 
affected side to be occupied by smaller and softer muscles. The patient had 
done no manual work for nearly four months, when the photographs were taken, 
and both hands were white and free from corns. The difference between 
them was immediately evident on contact. In the act of shaking hands, the 
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right grip was firm and well sustained. I was conscious of the elastic pressure 
of the contracting muscles of the palm and of the tension of the fingers; I had 
the feeling that if the patient chose to increase his grasp it might become 
painful. But when I gave my left hand into his, it was like the impression 
received from the hand of a woman. My fingers seemed to be in contact 
with something soft, and without resistance; the pressure was orderly, but 
gentle and harmless. 

All the digits of the left hand could be bent back passively one by one to 
an abnormal extent ; even the thumb seemed to be hypotonic. 

There was no paralysis of the lower extremities, and movements of the left 
hip and knee could be carried out strongly against resistance; but dorsiflexion, 
and to a less degree plantar extension, of the left foot were not so forcible 
as on the right side. All movements of the toes were possible. He could walk 
well and could stand on the right foot, both with his eyes open and shut; on 
the left foot he could stand unsteadily but fell when his eyes were closed. 
I could find no definite signs of hypotonia in the left foot, There was no 
spasticity. 

Sensation (between February 11 and March 10, 1918, eighty-nine to 116 
days after the injury). 

He complained that the left hand “felt numb,” and this abnormal sensa- 
tion was worse over the palm and forefingers than over the thumb and thenar 
eminence. When he woke at night it seemed to him as if he had lost the 
index and middle fingers; “this part of the hand seemed gone altogether.” 
He did not recognize any abnormality in the left lower extremity. 

The results obtained were the usual sensory tests at this time as shown 


in the following table :— 
A a 
Left (affected) hand Right hand 


Thumb Index finger Middle finger Ring finger Little finger | Normal digits 


Measured! 10° to 20° 10° to 20° | 20° to 30° | 15° to 25° 20° to 30° 
movement 
Vibration Affected Affected Affected Affected Affected 
Compass- Gross loss at | Gross loss at | Gross loss at | Gross loss at | Gross loss at Perfect at 
test 3 cm. 3 cm. 3 cm. 3 cm. 3 cm. 1 cm. 
Localiza-| Not affected Affected Affected Not affected | Not affected | No mistakes 
tion 
Tactile | 23 grm./mm.?| Not perfect | No threshold | Not perfect Not perfect Perfect 
hairs 100 grm./mm.? | 100 grm./mm.? 70 grm./mm.? | 70 grm./mm.? | 21 grm./mm.? 
Thermal..{| Affected Affected Affected Affected Affected Perfect recog- 
| nition of 35° 
and 40°C. 
Prick an 5 grm. Gross affection | Gross affection 8 grm. 8 grm. 4 grm. 
threshold 
Weight .. Affected Gross loss Gross loss Considerable | Considerable | Perfect appre- 
loss loss ciation of 
the series of 
changes in 
weight 
Texture .. Affected Affected Affected , Affected Affected Perfect 
recognition 


| 
| 
| 
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He was sent to a convalescent home, and, on his return, the following 
observations were made between May 6 and 12, 1918 (173 to 179 days after 
the injury). 

His headache had almost entirely ceased; he had given up smoking, and, 
with the disappearance of the chronic cough, the most potent cause of his 






headache was removed. 
Motion.—Individual movements of the left hand could be carried out so 


long as his eyes were open, but, when they were closed, the fingers became some- 
what ataxic, especially the index and middle. These two digits were still 
hypotonic, but the thumb, ring and middle fingers could also be bent back to 
a somewhat greater extent than similar parts of the right hand. 
Sensation.—The condition had improved considerably, but the index and 
middle fingers still showed the greatest loss of sensation. 













Left (affected) hand 





Ring finger 





Middle finger 





Thumb Index finger 











Perfect at 1° 





























Measured * 5° 5° ag 
movement | 
Vibration No difference 6 sec. 5 sec. No difference No difference | 
shortening shortening 
Compass. lcm. 5 cm, Lost at 5 cm. 1 cm. 1 cm. 1 cm. 
test 
Localiza- Perfect Affected Affected Perfect Perfect Perfect 
tion | 
Tactile Normal Not perfect at Not perfect at | 35 grm./mm.? 23 grm./mm.*| 21 grm./mm.’ 
hairs 2igr./mm.2 100grm./mm.? 100grm./mm.? perfect 
Thermal.. Not affected Gross loss Gross loss Not affected Not affected | Perfect recog- 
| nition of 35° 
; and 40°C. 
Prick 4 grm. 8 grm. 8 grm. 4 grm. 4 grm. 4 grm. 
threshold 
Weight Perfect Affected Affected Perfect Perfect | Perfect series 
Form Perfect Slow and un- Slow and un- Perfect Perfect Perfect 
certain certain recognition 
Texture Perfect Gross loss Gross loss Introspective Introspective Perfect 
recognition 















OF ‘THE LESION IN .EACH CASE CITED 


(For use with Chapter VIII.) 


APPROXIMATE POSITION 
IN THIS PAPER. 





(B) 






It is impossible to determine with accuracy the position of the 
injury to the brain from the situation of the wound on the surface. 
But certain rough conclusions can be drawn, and Professor Elliot 
Smith has kindly attempted to localize the main incidence of the 
lesion in each of my cases. My sincerest thanks are due to him for 
the trouble he has taken and the encouragement he has given me in 


this matter. 










240 ORIGINAL ARTICLES AND CLINICAL CASES 


Case 1.—Lieutenant A. A., aged 26. Wounded October 8, 1915, by a 
fragment of a high-explosive shell. He was not wearing a helmet. 

He was admitted to the Empire Hospital for Officers on December 22, 1915, 
with the following note: “Operation on October 9, 1915, by Major Austen. 


Fig. 4 (Case 2). 


Depressed bone removed. A large fracture passed forwards towards the right 
eye. Dura mater opened widely and 2 to 3 oz. of subdural blood and brain 
matter escaped.” 

“The brain at first formed a slight hernia, about the size of half-a-crown ; 
but, after about fourteen days, it sank away and left a hollow below the level 


of the bone.” 
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The opening in the skull extended from 15 to 17 cm. back from the nasion 
and 10 cm. to the right of the middle line. The total nasion-inion line 
measured 34 em. (fig. 3). 

The wound healed completely at the beginning of April, 1916. 


My observations were made at various times between January 2 and 
July 22, 1916. 


Fic. 6 (Case 4). 


Case 4.—Lieutenant F. W. B., aged 31. Fully reported on p. 202 (fig. 4). 

Case 3.—Bombardier J. W. B., aged 26. Fully reported on p. 206 (fig. 5). 

Case 4.—Private F. B., aged 18. Wounded January 7, 1916, by a shrapnel 
bullet. No helmet. 

The note which came with him said: “Compound fracture of the skull. 
On January 8, 1916, the edges of the long ragged scalp wound were excised. 
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Usual trephine operation to enlarge opening and remove depressed bone, 
Brain substance was oozing through. Blood-clot and brain washed away with 
a gentle stream of eusol.”’ 

“Had hernia cerebri, which disappeared under eusol dressings. At first 
there was complete paralysis of the left arm and leg. Now recovered as to 


Fic. 7 (Case 5). 


Fic. 8 (Case 7). 


coarse movements ; fine movements still lack co-ordination. The ulnar fingers 
show most impairment.” 

He was admitted to the London Hospital on April 4, 1916. The wound 
was healed and consisted of a crescentic scar on the right side of the head, 
extending from the anterior temporal to the posterior limit of -the parietal 
region. The greater part of this was a scalp injury only; but in the centre 
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of the wound the bone had been removed over an area 3 cm. in length 
horizontally and 1°2 cm. in breadth. Here the scar pulsated. 
This area of removed bone extended from 18 em. to 21 cm. back from the 


nasion. Its upper limit was exactly 5 cm. from the middle line. The total 


nasion-inion line measured 34 em. (fig. 6). 
My observations were made between May 9 and July 23, 1916. 
Case 5.—2nd Lieutenant R. 8. C., aged 28. Fully reported on p. 210 (fig. 7). 
Case 7.—Lieutenant H. J. C., aged 39. Wounded July 17, 1915, by a 


rifle bullet. No helmet. 
He was admitted to the Empire Hospital for Officers on October 27, 1915. 


No notes of any kind. 

On July 18, 1915, some operation was performed, and he said he was 
trephined. 

When he entered the Empire Hospital there was a long irregular scar on 
the left side of the head; in the centre was a minute granulating area, which 
was situated over the small trephine opening in the skull. This opening was 
oval in shape and measured about 2°5 em. by 15 cm. in the two diameters. 
It was situated 18 cm. back from the nasion and 2 cm. from the middle line, 
The nasion-inion line measured 355 em. (fig. 8). 

On November 10, 1915, Mr. Walton removed two small pieces of bone, 
which lay in the brain substance about 1°5 cm. from the surface, but entirely 
closed off. The dura was intact except for the sinus. 


The wound healed on December 23, 1915. 
Exactly a year later the wound was found to be covered with a minute 


crust, and on November 18, 1916, Mr. Walton removed three small pieces of 
bone from the fibrous tissue on the surface of the brain. The wound healed 
finally November 29, 1916. 

In this case the foot was most severely affected, and the injury had 
produced a definite right hemiplegia. Not only did the right plantar give an 
upward response, but the left was at first also abnormal in the direction of the 


movement. 
The little finger showed more severe sensory changes than any other part 


of the hand. 

Case 8.—Lieutenant L. A. D., aged 20. Fully reported on p. 221 (fig. 9). 

Case 10.—Private C. H. E., aged 23. 

Wounded at 6 p.m. on March 2, 1917, by a rifle bullet. He was wearing 
a helmet. 

He says he was placed on the operating table in the early hours of 
March 3, 1917. No notes of any kind. 

On March 6, 1917, he arrived at Rouen. The notes are as follows: 
“ No notes, but trephine opening in the right parietal region. Small entrance 
wound, apparently not touched, in centre of flap. Large fluctuating hernia 
under flap, presumably large decompression.” 

He was admitted to the London Hospital on March 15, 1917. The 
incision and entrance wound had healed. 
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The scar of entry was situated from 18 to 20 cm. back from the nasion 
and 11 cm. to the right of the middle line. It measured 2 cm. in length 
horizontally and 0°75 cm. in breadth. Beneath it lay an irregular opening 
in the bone about 4°55 cm. by 2°5 em. The nasion-inion line measured 
35 em. (fig. 10). 


Fic. 9 (Case 8). 


Fic. 10 (Case 10). 


Case 11.—Lieutenant J.P. S., aged 29. 

Wounded on May 3, 1918, by a rifle bullet. He was wearing a helmet. 
On May 4 the wound was excised but he was not trephined. 

No further operation. 





SENSATION AND THE CEREBRAL CORTEX 245 


Admitted to the London Hospital “May 9, and was transferred to my care 
June 26, 1918. 

The scar was an irregular incision in the left parietal region 8°5 cm, in 
length. It reached in front to within 14°5 cm. of the nasion, and posteriorly 


Fic. 12 (Case 12). 


to 23 em. back from the same point. The scar was throughout 8 cm. from the 
middle line. The bullet had evidently travelled from behind forwards. The 
total nasion-inion line measured 35 em. (fig. 11). 

A radiograph showed no frac‘ure of the skull. 

This was a case of injury to the cortex without penetration of the skull. 





> 
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The condition of the right hand was in every way characteristic. The 
maximum affection lay over the thumb and index finger. The index finger was 
definitely hypotonic. 

Case 12.—Captain H. N. F., aged 22. 

Wounded March 12, 1915, by a rifle bullet. No helmet. 


Fic. 13 (Case 13). 


Fic. 14 (Case 14). 


He was operated upon by Mr. Robert Milne on March 15, 1915. The skull 
was fractured and a small irregular trephine opening was made. The wound 
healed entirely in ten weeks. All headaches disappeared by the middle of April. 

The leg had never been affected and two months after he was wounded the 
hand and arm had reached the condition in which I saw him. 
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He was brought to me by Mr. Milne in June, 1916, fifteen months after 
the injury. The wound was represented by a well-healed somewhat depressed 
scar, which did not pulsate unless he lowered his head ; there was no pulsation 
in the erect position. 

The opening in the bone was irregularly rhomboidal, 3 cm. in diameter from 
opposite angles. It was situated from 21°5 to 23°5 cm. back from the nasion, 
and the superior angle was 2 cm. from the middle line. The total nasion-inion 
line measured 35 cm. (fig. 12). 

My observations were made between June 12 and June 25, 1916. 

Case 13.—Lieutenant G. O. H., aged 21. 

Wounded May 20, 1917, by a fragment of high-explosive shell. He was 
wearing a helmet. 

At 9 p.m., May 20, “the gaping wound was excised. Depressed fragments 
removed. Dura open, discoloured and tense. Opened by a linear incision. 
Blood-clot and ruptured brain expressed.” 

On May 28, the note states, “ Patient had motor aphasia and some slight 
impairment of the right hand.” 

When admitted to the London Hospital on June 14, there was a large area 
on the left half of the scalp covered with a network of healed plastic flaps. 
At a point in the centre of this labyrinth the skin was somewhat depressed 
and pulsated heavily. The site of the original wound could be seen, and it lay 
over a small irregular trephine opening. This was situated 16 em. back from 
the nasion, and 5 cm. to the left of the middle line. It was roughly oval, 
3 by 2 cm. in diameter. He had a tall head with a short posterior portion, 
and the total nasion-inion line measured 34 cm. (fig. 13). 

Case 14.—Lieutenant E. C. H., aged 29. 

Wounded at about 4.30 p.m. on October 1, 1916, by a rifle bullet. He was 
wearing a helmet. 

The right hand was affected, and the right side of the face was numb. 
The leg was not affected at any time. 

He was operated upon the same day, but was told “ Nothing was found in 
the wound, which had not touched the bone.” 

He was admitted to the London Hospital on October 6, 1916, with a 
healed longitudinal scar of a surgical incision in the temporal and parietal 
region. There was no defect of bone. The anterior end of this scar was 
13°5 cm. back from the nasion, the posterior end 23 cm. It lay as a straight 
line, somewhat obliquely to the middle line of the scalp: the anterior end 
was 6 cm., the posterior 9 cm. to the left. Its total length was 9°5 cm. 
The nasion-inion line measured 35 cm. (fig. 14). 

The maximum affection of sensibility was found in the thumb and index 
finger. The index finger was somewhat hypotonic. Speech was affected at 
first. The lower extremity was in every way normal. 

Case 15.—Lieutenant E. D. J., aged 22. Fully reported on p. 225 (fig. 15). 

Case 16.—Private W. J., aged 38. 

Wounded February 23, 1917, probably by a shell fragment. He was 
sniping behind a steel plate when it was hit. 
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The interchange of information card sent out by the Medical Research 
Committee stated: “‘Date of wound February 23. Could be roused to 


answer questions. Headache, vomiting, pain in eyes. Paresis and par- 
westhesia of left arm. Operation under local anesthesia. Linear fracture 


Fia, 15 (Case 15). 


Fic. 16 (Case 16). 


. of right parietal. Inner table fractured. Small laceration of dura. Active 
bleeding from vessel in dura. Bleeding controlled. Salt cigarette drain.” 
“March 17, 1917, paresthesia all gone. Still paresis of fingers, Head- 
ache much better.” 
He was admitted to the London Hospital on March 22,1917. There was 
a deep, pitted wound in the right parietal region, roughly triangular in shape. 
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No formal operation had been carried out and the loss of bone was extremely 
small. It measured about 3 cm. by 1 cm., and was situated from 18 to 
20 cm. back from the nasion and 5 cm. to the right of the middle line. The 
total nasion-inion line measured 35 cm. (fig. 16). 

The wound healed by May 8, 1917. 


Fia. 18 (Case 18). 


My observations were made between April 27, and June 4, 1917. 
The remarkable condition in this case was the widespread sensory dis- 
turbance of the whole of the left hand; but tactile, thermal and painful 


sensibility were entirely unaffected. The loss of sensation to the tests for 


weight and form was particularly gross. 
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Case 17.—Private F. L., aged 29. Fully reported on p. 98 (fig. 17). 
Case 18.—Colonel M., aged 46. Fully reported on p. 228 (fig. 18). 

Case 19.—2nd Lieut. D. P., aged 23. Fully reported on p. 231 (fig. 19). 
Case 20.—Private J. G. §., aged 21. 


Fie. 20 (Case 20). 


Wounded on July 18, 1917, by a fragment of a high-explosive shell. He 


was wearing a helmet. 
Operated upon at 11 a.m. the same day. “Fracture of the skull. Dura 


not penetrated. Wound excised. Large fracture. All loose fragments of inner 
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and outer table removed and bone chipped round evenly. No gross injury to 


dura. 
July 24, 1917, arrived at the base by barge. ‘Had convulsions. Slow 


pulse. Motor aphasia. No optic neuritis. Slow cerebration. At 9 p.m. 
wound explored and a quantity of serum evacuated. Convulsions at 11 p.m. 


Lost use of right arm and leg.” 


” 


Fic. 22 (Case 22). 


“July 26, more fluid evacuated.” 
“July 27, use of shoulder, elbow and wrist recovered in this order. Use 


of leg returned, toes last. Abdominal reflex returned. Motor aphasia has 


cleared up.” 
When admitted to the London Hospital on August 8, 1917, with a scar in 





252 ORIGINAL ARTICLES AND CLINICAL CASES 


the left parietal region, which was healed except for a small sinus discharging 
clear fluid. This healed entirely on August 17. 

There was an irregularly oval opening in the bone 4°25 cm. in largest 
diameter. It was situated 20 cm. heck from the nasion and was 5 cm. to the 
left of the middle line. A radiograph showed a definite removal of bone with 
smooth edges. The total nasion-inion line measured 34 em. (fig. 20). 

All the digits were affected, but the grossest loss was in the little, ring, and 
middle fingers. 

Case 21.—Private J. H. T., aged 24. 

Wounded on June 16, 1915, by shrapnel. No helmets at this time. 

He was admitted to the London Hospital on July 8, 1915, with no notes of 
any kind. A large flap had evidently been turned down and in the centre the 
site of the original wound was obvious as a ragged hole. This was from 15 to 
18 cm. back from the nasion and 8 cm. to the right of the middle line. The 
patch was 3 by 2 cm. and was pulsating. The total nasion-inion line 
measured 34°5 em. (fig. 21). 


Fia. 23 (Case 28). 


Case 22.—Corporal H. U., aged 29. 

Wounded September 25, 1917, by shrapnel. No helmets at this time. 

The same day a piece of shell casing and a shrapnel bullet were extracted. 

The wound healed in the early part of December, 1915. 

He came under my care on May 15, 1916. : 

There was an irregular rectangular removal of bone 4 by 1°5 em. in the 
right parietal region. It extended from 16 to 20 cm. back from the nasion. 
The anterior edge was 4°5 cm. and the posterior edge 8 em. to the right of the 
middle line. It was thus placed somewhat obliquely and pulsated in the 
centre. The total nasion-inion measured 34 cm. (fig. 22). 

In this case the index finger showed the grossest sensory changes, 

Case 23.—Private J. H. W., aged 22. 

Fully reported on p. 235 (fig. 23), 
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